JUNE, 1957 JUN 94 4957 TWO SHILLINGS 
EAST 


Improved finish 
of the casting skin 


Closer casting tolerances 


A much-reduced 
machining allowance 


Elimination of 
machining operations 
altogether in certain cases 


High quality in 
standard of material 


YOUR ENQUIRIES ARE INVITED 


. 


THE BRITISH JOURNAL OF METALS 
| Vol. 55 No. 332 ihe 


HEAT TREATMENT 


OF STEEL FORGINGS 


Furnaces and Equipment designed and built by 


SHADY LANE GREAT BARR 


eee eee ee eee ee eee ee eee ee 
C) Fuel Furnaces Ltd 


CONTENTS FOR JUNE, 


THE BRITISH JOURNAL OF METALS 


INCORPORATING THE METALLURGICAL 


1957 Vol. 55 


No. 


ENGINEER 


332 


PUBLISHED MONTHLY BY 


The Kennedy Press, Ltd., 
31, King Street West, 
Manchester, 3. 
Telephone : BLAckfriars 


London Office : 

50, Temple 

Temple Avenue, E.C.4 
FLEet Street 8914 


Chambers, 


CONTRIBUTIONS 


Readers are invited to submit 
articles for publication in the edi- 
torial pages: photographs and/or 
drawings suitable for reproduction 
are especially welcome. Contribu- 
tions are paid for at the usual rates. 
We accept no responsibility in 
connection with submitted manu- 
script. All editorial communica- 
tions should be addressed to The 
Editor, Metallurgia,” 31, King 


Street West, Manchester, 3. 


SUBSCRIPTIONS 
Subscription Rates throughout the 


World—24/— per annum, Post free. 


ADVERTISING 


Communications and enquiries 
should be addressed to the Adver- 
tisement Manager at Manchester. 


Selling Atoms .. 


Personal News 


Economics of Aluminium in Electrical 


Fabricating Light — Warwick Production’s Enlarged 


Premises. 
Wear Resistance Improved by Electro-Spark Treatment. . 


Annual 


Recent Heat Treatment Furnace Installations. 
Survey of Developments .. 


Lead Melting for Cable Sheathing 
Nickel Progress. Institute of Metals Presidential Address .. 
News and Announcements .. 
Recent Developments 
Current Literature 

LABORATORY METHODS SUPPLEMENT 
The Spectrographic Analysis of Metals. By J. O. Lay 


Items of Metallurgical Interest at Recent Instrument 


Demountable Artificial Defect for Evaluating Penetrants 
in Flaw Detection. By R. W. Roberts and A. D. Dudbridge 


The articles in this Journal are indexed in THE INDUSTRIAL ARTS INDEX 


M°TALLURGIA, June, 1957 


265-270 


271-273 


274 


275-293 


293-294 


295-298 


299-300 


301-304 


305-306 


307-308 


309-311 


311-312 


A : 
Page 
‘ 
| 
A 39 


UNDERTAKE 


COMPLETE INSTALLATIONS 


FURNACES MECHANICAL PLANT 


Four Wellman Batch Billet Reheating Furnaces and 10-cwt. Ground type 
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installation also includes two Pack Reheating Furnaces, one Continuous Bar 
Reheating Furnace with 10-ton Billet Pusher, also |5-ton and 30-ton Electric 
Overhead Travelling Cranes. 

Many years of experience coupled with extensive research enable us to design 


and construct Reheating and Heat Treatment Plant of the highest efficiency. 
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Selling Atoms 


HE dust had hardly settled at Hiroshima, and the 

world was still numbed by the appalling prospects 
opened up by the advent of the atomic bomb, when there 
began to appear in the press suggestions that nuclear 
fission might be utilised in place of orthodox fuels for 
the production of power. The conjectures as to the date 
when this might come about were many and varied, as 
well they might be in view of the problems—known and 
unknown—which faced scientists and technologists in 
developing nuclear power stations. Few could have 
imagined, however, that by 1956 the world’s first full- 
scale nuclear power station capable of producing elec- 
tricity on an industrial scale would be in operation at 
Calder Hall in Cumberland. Perhaps even more 
remarkable is the fact that the recent Hanover Trade 
Fair saw British industry, represented by the Nuclear 
Energy Trade Associations’ Conference, actively seeking 
export orders for the supply of nuclear power stations, 
research reactors, nuclear ore processing plants, and the 
whole range of nucleonic and electronic equipment 
required for atomic energy plants, hospitals, research 
laboratories and industrial plants of all kinds. 

This satisfactory state of affairs has been achieved by 
a combination of Government endeavour and private 
enterprise. Closely following the explosion of the 
atomic bombs in Japan, the British Government set up 
the Atomic Energy Research Establishment as the 
centre of research into the peaceful application of the 
new discovery. The construction and operation of a 
series of experimental reactors at Harwell rapidly 
advanced the frontiers of knowledge and clarified a 
number of problems, so that by 1951 it was possible to 
design a gas-cooled graphite-moderated reactor in which 
the heat produced would be sufficient to generate 
electricity on a commercial scale. 

Such was the basis on which Calder Hall was built by 
a partnership comprising the Atomic Energy Authority, 
on the one hand, and some of the country’s leading 
industrial firms, on the other. Although Calder Hall is 
making an important contribution to Britain’s power 
supply—its ultimate capacity will be about 150 MW.— 
it is a prototype, and other stations built to the same 
basie design will be larger and more efficient. In fact, 
within three months of the opening of Calder Hall, 
contracts had been placed with British industry and 
work began on the construction of two 300 MW. stations 
which, together with two more, may be operating by 
1960. In less than ten years’ time, the English and 
Scottish Electricity Authorities will have installed 
be ween 5,000 and 6,000 MW. of nuclear generating 
ca;acity—comprising some nineteen stations in all. 

“he driving force behind the rapid advances made in 
B: tain has been the fact that the country’s demand for 
p ver is being doubled every ten years, and that it will 
so n outstrip the ability of coal and oil to meet it. What 
is rue here is true in varying degree of other countries, 
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and it is estimated that at the end of the next 20 years 
the world will be consuming fuel at two-and-a-half times 
the present rate, and that by the end of the century 
consumption may have grown as much as eight times. 
Man has mastered nuclear energy just in time. 

That mastery, in addition to the probing work of 
science, has involved overcoming formidable and hitherto 
unknown engineering problems, and the experience 
gained at Calder Hall and on other projects means that 
British firms are in a unique position to build atomic 
energy piants for other countries. To carry out its 
nuclear power programme, the Government enlisted the 
full resources of industry, and the concerns involved 
have formed themselves into a number of groups. Each 
of these includes a company specialising in the manu- 
facture of heavy electrical equipment, heavy engineering 
companies such as boilermakers, civil engineering con- 
tractors, and makers of ancillary equipment. Each 
group is so organised as to be capable of designing and 
constructing complete nuclear power stations. 

Early in 1954 some 25 representatives from industry 
began a two-year course at Harwell. After a short 
period of instruction in the fundamentals of reactors, 
the students were absorbed into the activities of the 
Establishment’s engineering, physics and metallurgy 
divisions. Following the setting up of the industrial 
groups, eight men from each, together with C.E.A. 
representatives, were given six months’ training in the 
various official centres, where they studied every aspect 
of reactor development, design and construction; fuel 
fabrication and processing; and health and safety 
problems and precautions. Thousands of highly specia- 
lised designers, engineers, scientists and other research 
workers in industry have been assigned to nuclear work, 
and collaboration between the individual firms is close, 
particularly on metallurgical and structural problems, 
and there is a very free exchange of information. At 
the same time, energetic competition and rivalry exist. 

The decision that the first British nuclear power 
stations should have reactors of the gas-cooled graphite- 
moderated type has been more than justified by develop- 
ments incorporated in the design of stations now to be 
constructed and the great future possibilities of this type 
indicated by recent research. At the same time, Britain 
has been pressing ahead with the design of other 
advanced systems, and the U.K. Atomic Energy 
Authority to-day has fourteen different reactors in opera- 
tion and a further eight under construction. 

The cost per unit of electricity generated by the first 
few stations wil! be only slightly higher than the best 
coal fuelled stations and, as the programme advances, 
the incorporation of new developments is expected to 
lead to a considerable fall in the cost per unit. The fact 
that Britain’s future is tied up with the efficient pro- 
duction of energy from nuclear sources will ensure that 
the designers and builders of the plant required will be 
on their toes to maintain the lead they have established, 
to the advantage of home and overseas customers alike. 
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Personal News 


Mr. M. J. J. Ricuarps has been appointed Manager of 
the London Branch Sales Office of The British Alumi- 
nium Co., Ltd., at Park Avenue, North Circular Road, 
London, N.W. 10, with effect from May 16th, 1957, in 
succession to Mr. W. J. ALLEN, who retired from the 
Company's service on that day. 


Mr. R. CaTHERALL has been appointed a Director of 
Solartron Research and Development, Ltd., Goodwyn’'s 
Place, Dorking, Surrey. 

Vickers, Lrp., announces that Mr. C. L. Ovp, Principal 
of the College of Technology, Wolverhampton, has been 
appointed Group Education Officer. It is expected that 
he will take up his appointment on September Ist. His 
primary responsibility will be the co-ordination of all 
the educational and training activities of the Vickers 
Group Companies. 


At the Annual Meeting of The International Nickel Co. 
of Canada, Ltd., the following Directors were re-elected : 
Mr. E. G. Baker, Mr. L. W. Dovetas, Mr. J. R. 
Gorpon, Mr. H. R. MacMitian, C.B.E., THe Rr. Hon. 
Viscount Maraesson, P.C., M.C., Mr. R. S. Me- 
Laveuiin, Mr. H. C. F. Mockriper, Q.C., Mr. T. G. 
Montaaue, Str Ronaup L. Prat, O.B.E., Mr. G. C. 
Suarp, Dr. J. F. THompson, and Tue Rr. Hon. 
Viscount Wetr, P.C., G.C.B. 

Vickers, Lrp., announce that Mr. J. E. Richarpson, 
O.B.E., at present Deputy General Manager and 
Engineering Manager, Barrow Works of Vickers- 
Armstrongs (Engineers), Ltd., has been appointed 
Managing Director of Canadian Vickers, Ltd. 


Sir Grorce H. Nevson, Chairman of The English 
Electric Co., Ltd., received the honorary degree of 
Doctor of Laws at the Founder’s Day Convocation of 
the University of Manchester on May 13th, 1957. 


Mr. H. Smiru has relinquished his post as Superintendent 
at the Kinlochleven Routine Laboratory of The British 
Aluminium Co., Ltd., on his appointment as Laboratory 
Superintendent at the Baie Comeau Works of the 
Canadian British Aluminium Company. He is succeeded 
at Kinlochleven by Mr. W. McCamey of the Research 
Department there. 


Tue South Wales territory of Foundry Services, Ltd., 
has now been taken over by Mr. A. C. THomas. In 
1943 he was appointed Manager of the Foseco experi- 
mental and research foundry, and he has represented 
his Company for some years in the London and East 
Coast areas. 


Mr. Fewix L. Levy, Joint Managing Director of George 
Cohen Sons & Co., Ltd., has been elected President of 
the National Federation of Scrap Iron, Steel and Metal 
Merchants. Mr. Levy, who is also a Director of The 
George Cohen 600 Group, Ltd., was during the war 
Assistant Director of Scrap Supplies at the Ministry of 
Supply. 

Mr. F. W. Bruce, Managing Director of Northern 
Aluminium Co., Ltd., has been appointed President of 
Aluminum Co, of Canada, Ltd., principal subsidiary of 
Aluminium, Ltd., ‘n succession to Mr. R. E. Powe. 
Mr. Powell, who is sueceeded as Director of Operations 
of Aluminium, Ltd., by Mr. M. P. Werzer, has been 
re-elected a Director of both Aluminium, Ltd., and 
Aluminum Co. of Canada, Ltd., and will remain active 


in management as a Senior Vice-President of Aluminiu:n, 
Ltd. Frecp-MarsHaAL EarRt ALEXANDER OF TUN's, 
K.G., a Director of Aluminium, Ltd., has been adii- 
tionally elected a Director and Chairman of Northern 
Aluminium Co., Ltd., and Mr. 8. E. CLorworrtny, 
Sales Director, has been appointed Managing Director 
of the latter Company. 


Mr. E. Morse, M.B.E., who relinquished the Managing 
Directorship of Brymbo Steel Works, Ltd., at the end 
of last year in favour of Mr. H. W. A. Wartne, C.M.G., 
resigned from the Chairmanship of the Company and 
the Board of Directors on April 16th, 1957. Mr. K. 8. 
PEacocK is the new Chairman, and Mr. D. Brwce- 
GARDNER and Mr. C. R. WHEELER, C.B.E., have beer 
appointed Directors of the Company with effect from 
that date. 


Mr. 8S. W. Perkins, Special Director and Manager of 
the Factored Machine Division, has been appointed to 
the Board of Wickman, Ltd., in succession to Mr. J. W. 
BucHANAN, who has relinquished his appointment on 
reaching retiring age. Mr. Buchanan joined the Board 
in 1940, and was for many years in charge of the 
Company's export business. Since relinquishing execu- 
tive office in 1955, Mr. Buchanan has served the Com- 
pany in a consultative capacity. 


Tue British Welding Research Association announces 
that Dr. R. Weck, has been appointed Director of 
Research as from June 17th, 1957. 


METROPOLITAN-VICKERS EvectricaL Co., Lrp., an- 
nounces that Mr. J. DumMELow has been appointed 
Assistant Manager, Publicity Department. 
Obituary 
We regret to record the death of the following :— 
Mr. T. THomson, a Director of John Miles & Partners 
(London), Ltd., until his retirement in December, 1952, 
who died on April 16th at the age of 76. Before 1930, 
Mr. Thomson was Chief Engineer at the Appleby- 
Frodingham Works, Scunthorpe. He then joined H. A. 
Brassert & Co., Ltd., as Director and Chief Engineer, 
and was in charge of the reconstruction of the Irlam 
Works of the Lancashire Steel Corporation, Ltd., the 
construction of the Corby Works of Stewarts and 
Lloyds, Ltd., and the reconstruction of the Ebbw Vale 
Works of Richard Thomas, Ltd. He was also respon- 
sible for the design and layout of the Hermann Goering 
Works in Germany. Mr. Thomson joined John Miles & 
Partners (London), Ltd., on its formation in 1945, and 
was engaged in the replanning of some of the major 
steelworks on the Continent. After his retirement in 
1952, he acted in a consultative capacity for the 
Company. 
Dr. G. E. Foxwett, C.B.E., Honorary Secretary and a 
Past President of the Institute of Fuel, who died on 
April 26th at his home at Ashtead, Surrey, at the age of 
64. 
Mr. R. Wave, Mechanical Engineer of John Miles & 
Partners (London), Ltd., who died on April 12th, as the 
result of a car accident. Mr. Whale was in charge of 
the arrangements for the manufacture in this country 
of the American Ferrostan electrolytic tinning lines, one 
of which recently went into production at Velindre. He 
was 34. 
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Economics of Aluminium in Electrical 
Engineering 
By E. G. West, Ph.D., F.I.M.* 


A Symposium on Aluminium in Electrical Engineering was held in London last month to assess the 
position already attained by aluminium in this field ; to allow electrical engineers to give their 
experience in using aluminium ; and to provide a forum for discussion of present problems and 


future possibilities. 


In his introductory paper, Dr. West set the broad economic background to the 


case for aluminium, and indicated the long-term future trends. Its three main sections deal with metal 
supplies, present economics and future trends. 


METAL SUPPLIES 
. LUMINIUM, because of its combination of proper- 


ties, is used in electrical engineering for conductors 

(in competition with copper), for cable sheathing 
(instead of lead and steel armouring), and for many types 
of equipment in place of plain or galvanised steel, cast 
iron and zine base die castings, and cast or wrought 
copper-base alloys. It may even supply its own insulat- 
ing coating when the oxide film is suitably thickened by 
anodising. A study of economic factors must therefore 
include reference to all these materials, and it is of 
interest to compare the world production of aluminium 
with data for the other non-ferrous metals used in 
electrical engineering. Figures for the past twenty years 
are given in Table I. 

In examining these figures it should be borne in mind 
that when account is taken of its low density, the volume 
of aluminium produced today is approximately equal to 
the sum of the volumes of other non-ferrous metals. It 
is of special significance to recall that aluminium has 
gained this place in the metal economy of the world in 
rather less than seventy years. Its industrial life 
searcely exceeds a century, compared with the three 
hundred years of zine production and the thousand 
years history of copper and lead. It is almost axiomatic 
that aluminium production doubles every decade, and 
this geometric progression is apparently continuing dur- 
ing the period 1950 to 19€0. Aluminium production is, 
in fact, increasing at a greater rate than the population 
of the world, or the expansion of electricity generating 
capacity, or the improvement of general industrial 
production—all comparisons significant to consumption. 
On the other hand, the output of the other common 
non-ferrous metals is not keeping pace with general 
increase in production or electrical output. For example, 
world electrical energy generated increased by 160%, 
between 1930 and 1953, copper production by 25%, and 
aluminium production by 300%. 

Some of the reasons for such differences in metal 
economics may be seen from a brief examination of the 
supply of ore, the reduction processes, and the general 
logistics of metal production and utilisation. 


Aluminium 
Production 


Aluminium smelting takes place in two basic steps— 
firs', the extraction of pure aluminium oxide from the 
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TABLE [I.—WORLD PRODUCTION OF ALUMINIUM, COPPER, LEAD AND 
ZINC, 


((000 metric tons) 


Aluminium Copper 


1,996 
2,201 
2,421 


ore by chemical reactions, followed by reduction of the 
oxide to metal in an electrolytic cell. Aluminium is the 
most plentiful metal in the earth’s crust, of which it forms 
some 8%, by weight : this is compared in Table II with 
the proportions of the other common metals. 

The ore normally used is bauxite, which contains over 
50°, alumina, and there are still vast reserves with oxide 
contents of 60° or more. It is unusual to treat ores 
containing less than 40°, aluminium oxide, although 
they are coming into use if they are low in silicon. 
Known bauxite reserves have been conservatively 
estimated at some 2,000 million tons and, in addition, 
all the clays and many other minerals contain sufficient 
aluminium to make them attractive for future exploita- 
tion. Hitherto, none of the processes developed for the 
treatment of non-bauxitic ores has proved strictly 
economic, but a full-scale pilot plant has recently been 
brought into operation by, significantly enough, the 
Anaconda Company in the U.S.A. to produce from clay 
50 tons of alumina daily. Bauxite is mined in most 
parts of the world, with the greatest concentration in 
South America (mainly British and Dutch Guiana), 


TABLE II—PROPORTION OF SOME METALS IN THE EARTH'S CRUST 


o 
o 
Metal (by weight) Metal (by weight) 


Aluminium 
Iron 

Calcium 
Sodium 
Potassium .. 


0-04 
0-02 
0-0001 
0- 00004 
0-00002 


Chromium 
Nickel 
Copper .. 
Zine 

Lead 


| 

Manganese .. | 0-1 


AEH 


Magnesium 
Titanium 


Lead Zine 
1938 579 1,705 1,589 os 
1939 677 1,724 1,678 : 
1940 767 1,700 1,645 
1941 1,115 2,618 1,812 1,894 
1942 1,477 2,841 1,889 1,947 
1943 1,965 2,895 1,575 1,960 
1944 1,651 2,733 1,410 1,758 Ps 
1945 900 2,158 1,250 1,400 ee, 
1946 750 1,850 1,166 1,400 a 
1947 1,084 2,230 1,375 1,550 es 
1948 1,244 2,471 j 1,841 1,728 ; 
1949 1,307 2,495 1,436 1,871 
1950 1,494 2,685 1,696 1,966 bet 
1951 1,782 2,829 1,616 2,123 Te 
1952 2,040 2,770 1,850 2,250 “ 
1953 2,550 2,830 1,910 2,370 ; 
1954 2,900 2,850 2,025 2,475 
1955 3,175 3,385 2,320 2'725 
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TABLE UL—VRIMARY ALUMINIUM PRODUCTION AND PLANNED 
CAPACITY. 
(000 metric tons) 


~ Capacity 


| Production (actual or planned) 

1955 1955 1960 1965 

Kurope oe o4y 634 750 

Asia ee 72 77 113 125 

Afriea .. nil 45 200 

Australia » on wel l | 7 13 3 
N. America : | | 

USA, of | 1,460 2,300 2,500 

Canada os em « 551 1,000 1,300 

America. 3 | lu 170 

US.8.R., ete. 600) 1,235 | 1,500 

3,196 | 3,478 5,546 | 6,656 


Jamaica, West Africa, France and other European 
countries, Australia, Yugoslavia, Hungary, the U.S.S.R. 
and China. 

The ore is first treated by the Bayer Process, in which 
it is digested with caustic soda, followed by precipitation 
of aluminium hydroxide, which is then calcined to 
alumina. Ores containing up to 15°, silicon may be 
treated by a modification of the standard Bayer process, 
and other modifications permit removal of high iron 
contents. A ton of bauxite yields about half a ton of 
pure alumina 

In the second stage of production, the aluminium 
oxide is reduced to metal in continuously operated 
electrolytic cells with a power requirement of 7-5 to 9 
kWh. Ib. or, in round figures, 20,000 kWh. ton of metal 
produced. The smelting operation is continuous and so 
provides a good load factor, but necessitates abundant 
electric power at the lowest possible cost. Thus, reduc- 
tion plants have hitherto been located largely where 
hydro-electric power was available, and the cost of 
aluminium includes some 12°, to more than 15% for 
electric power. The finance required to develop new 
productive capacity for aluminium is high, a basic figure 
of £1,000 per ton of smelting capacity being frequently 
taken as a guide: an investment of £1,000,000 is thus 
necessary for each 1,000 tons of aluminium annual 
capacity, and few plants produce less than 10,000 tons 
per annum. 

A second large factor in aluminium production cost is 
transportation, as will be realised when the sites of 
smelters are related on the map to bauxite mining areas. 
Thus, ore is shipped from British Guiana to the Northern 
Quebec plants of the Aluminium Company of Canada, 
whilst alumina from Jamaica is taken through the 
Panama Canal to the Kitimat smelter in British Colum- 
bia. The latter involvesarecent development— extracting 
alumina at or near the mine, thus reducing the weight 
to be moved by approximately 50°,. It is also significant 
that aluminium smelters are now being located at sites 
other than rhose dependent solely upon hydro-electric 
power. For example, in the U.S.A., new smelters have 
recently been sited on the industrial Ohio River, up 
which ore or alumina can be transported from the 
Southern States to be smelted by electricity from 


TABLE IV.—COPPER PRODUCTION BY CONTINENTS. 


Continent (000 short (000 short | 
tone) | tons) 
N. America 1,339 4-5 1,104 | 48-2 
Africa 728 24-2 | 421 18-4 
and America 610 20-3 590 25-7 
Rurope .. 119 | 3-9 | 95 4-2 
Australia 1-5 15 0-6 
3,010 | 100-0 2,291 100-0 


steam-powered plants using low-cost local coal or natu «J 
gas. The metal is then transported relatively sh. rt 
distances to the fabricating plants in the Eastern Stat. s. 
Germany also uses its coal deposits for smelting alu »- 
inium. The limit of aluminium production in the U \. 
is approximately £0,000 tons annually, using Scott sh 
hydro-electric power, and the British fabricating indus’ ry 
imports over 220,000 tons of virgin metal from Canac‘a. 
With the advent of nuclear power, it is possible that 
aluminium smelting could be located at sites near the 
ore-bed, thus reducing transportation to a negligille 
portion of the total cost of metal production. 

To summarise—one ton of aluminium may require tic 
movement of 8-10 tons of material, i.e., 4-6 tons of 
bauxite treated by caustic soda to produce two tons of 
alumina, from which one ton of metal is obtained. Other 
necessary materials include petroleum coke for the lining 
and anodes of the electrolytic cells, cryolite and fluospar 
for the fused salt electrolyte, and fuel for calcining, etc. 
The metal, as produced at the smelter, runs from 99 to 
99-8°,, pure, and requires no further refining for electrical 
purposes. 


Output 

Present and planned productive capacity are shown 
in Table III, from which it is clear that within the next 
few years world production will be 5-5} million tons, and 
by 1965, between 64 and 7 million tons. In addition, the 
aluminium industry is making increasing use of refined 
secondary metal, which plays a major part in the 
economy. It is likely that world secondary production 
is around 25°, of world primary production, and this 
can be expected to increase in about the same proportion 
as the output of virgin metal. The latest estimates for 
the future output of aluminium show that the figures 
included in the well-known Paley Report! are already 
out of date, and this also applies to the estimated demand 
for aluminium, although the Report states that ‘‘ alum- 
inium has not yet found its normal relative place in the 
material demand of the American economy ”’—a state- 
ment equally true in Britain and the European countries. 

Although the U.K. produces little virgin metal, its 
usage is higher than any other country, with the excep- 
tion of the U.S.A. British consumption of primary and 
secondary aluminium exceeded 350,000 tons in 1955 and 
1956, and of this some 24,000 tons was used for electrical 
purposes. The cost of aluminium in Britain is slightly 
lower than in many other countries, and it is able to 
compete as readily with competitive materials here as 
anywhere in the world. 

The cost of aluminium has remained more stable than 
that of other metals, and at £197 per ton is searcely double 
its pre-war price. Its stability is a major advantage 
today, and to some it seems possible that with the pres- 
sure of productive capacity now in being, the tendency 
might well be towards a reduction in price relative to 
other materials. 


Copper 

Production 

The overall pattern of copper production is more 
complex than that of aluminium. Variety in the types 
of ores and the nature of their occurrence results in 
diversity of extraction methods and treatment of the ore. 

The copper content of the ore runs from an average 
of 1-25°, for the American deposits of porphyry copper 
—much of which, to offset its low yield, lends itself to a 
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mass production method of handling—to as much as 
8°., for some of the deep deposits of the Belgian Congo. 
Whiatever the vield, however, the great weight of ore to 
be processed requires that this be done as near the ore 
source as possible. Thus, the processing plant and 
smelter are commonly situated much nearer the ore 
supply than is usually possible for aluminium, so that 
transportation charges are lower for copper. 

The sequence of production, for the sulphide ores, is 
crushing and grinding, followed by flotation to give a 
concentrate. The oxidised copper ores are commonly 
leached without concentration. Smelting is today almost 
universally carried out in reverberatory furnaces, but 
electric furnaces are of growing importance, especially 
where hydro-electric power is more readily available than 
cheap fossil fuels. 

Of the two main forms of refined copper, fire-refined 
and electrolytic, the electrical user is interested mainly in 
the latter, and the casting of anodes as the first step in 
the electrolytic process is a large industry in itself. The 
cathodes produced by electrolysis, weighing up to 280 Ib. 
are re-melted for casting into wirebars, billets and ingots. 

There are considerable demands for power and fuel at 
various stages in copper production. The requirements 
of a reverberatory smelting furnace, for example, 
expressed for comparative purposes in electrical form, 
may range from 880 to 1,600 kWh./ton, with 35% to 
50°,, recoverable by making waste-heat steam: the 
electrical consumption for electrolytic refining is about 
280 kWh. /ton. 

In addition, there is considerable power and fuel 
usage, less capable of assessment, in the grinding and 
crushing of ore, the concentration processes and remelt- 
ing, but, in total, the power required per ton is probably 
around 10%, of that needed to produce a ton of aluminium. 


Ore Resources 

The important copper producing regions of the world 
are the Western and South-Western United States, the 
western slopes of the Andes in Peru and Chile, the central 
African provinces in Northern Rhodesia and the Belgian 
Congo, the Precambrian area of central Canada, the 
Keweenaw Peninsula of Northern Michigan, and various 
localised rich centres of relatively limited size in many 
parts of the world. 

Table IV shows that world production is now over 
3 million tons annually. World production since 1947, 
as set out in Table V shows an average yearly increase 
of 3-47°,. There is reason to expect continuance of this 
growth, and the projected world production during the 
next few years is given in Table VI, which shows an 
average growth factor of 4-3°, yearly. The 1961 increase 
over 1955 is 29%. 

Prices 

None but the initiated would venture to forecast prices 
in view of fluctuations in the last few years, but the 
following factors, recently outlined by Sir Ronald Prain? 
are of importance. World production may be put into 
four groups :— 

(|) Where copper is a by-product from complex ores, 
so that there is relatively little cost in actually 
producing the copper. 

(_) Mines, chiefly in Europe and Asia, operating under 
totalitarian economies, where costs are secondary 
to nationalistic considerations. 

“ Straight copper production. 


TABLE V.—WORLD COPPER PRODUCTION (short tons). 


Year tons) 
1946 1,867 
1947 2,291 
1948 2,378 
1949 2,291 
1950 2,535 
1951. 2,624 
1952 2,701 
1953 2,737 
194... 2,74 


1955... 3,010 


(4) Small mines operating at costs generally unknown 
to outsiders. 


In 1955, the percentages of world production accounted 
for by these groups, were 10, 9, 76 and 5 respectively. 
The available costs of the “ straight” producers show 
that in 1954, the cost per long ton ranged from £80 to 
£240, with a centre sub-group, responsible for 25°, of 
world production, keeping within the range £120 to £140. 
In 1955, the range of group and sub-group was unchanged 
but the latter accounted for only 17% of world output. 

From these and other relevant data it was deduced by 
Sir Ronald Prain that in 1955, one-fifth of the world’s 
copper was produced at less than £80 per long ton, and 
that about two-thirds of world output was produced 
below £160: this compares with nearly four-fifths for 
1954, a noticeable upward trend in costs. 


Reserves 


The Paley Report considers that all known deposits 
of copper ore in the United States made commercial by 
mass mining methods are now in production or in process 
of development. The discovery of significant new 
deposits is said to be problematical, and it is considered 
that 800,000 tons of home produced copper yearly for 
the next 25 years is the best that can be expected in the 
US.A. 

Consumption in the U.S., on the other hand, is likely 
to rise steadily (approximately in line with the continued 
growth of American industry), so that the 1975 demand 
is expected to be about 2,500,000 tons. This would 
entail heavy inroads into indigenous reserves over and 
above the figure of 800,000 tons yearly, unless massive 
quantities were imported from the rest of the world, 
which will also, presumably, be increasing its own tempo 
of industrialisation and, therefore, its demand for copper. 

The reserve position in the free world, other than the 
U.S. is envisaged by the Paley Report as rather less 
immediately alarming. Minimum reserves in 1950 were 
estimated at 190,000,000 tons of copper (over a hundred 
years’ supply at 1950 production level, and more than 
sixty times the projected level for 1975) but for various 
reasons—political, labour, power or fuel shortages, 
inadequate transportation—the metal may not neces- 
sarily be available in sufficient quantity at the right time. 
The tendencies towards increasing nationalism in some of 
these territories and resentment at ownership by 
** Western ” interests would increase these difficulties, 


TABLE VI.—PROJECTED WORLD COPPER PRODUCTION, 1956-61. 
(000 short tons) 


N. & 8. Rest of 
Year America | Africa | America | World Tota} 
1956 | 142 | 665 348 3,361 
1957 1640 | 694 376 3,591 
1958 1691 | 881 699 403 3,674 
1959 1,697 | 949 705 417 3,768 
1960 1697 | 1,000 | 755 417 3,869 
1961 1,697 1,050 925 417 4,089 
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TABLE VIi.—ZINC PRODUCTION, 1955. 


(000 long tons) 
Mine Smelter 
Country Production Production 

United States 872 
Canada 233 
Mexico 269 
Australia 106 
Peru 17 
Poland 
Japan 112 
Italy 70 
Germany .. lsu 
Spain 23 
Belgian Congo 34 
Yugoslavia 
Sweden 
French Morocco 
Belgium = 210 
Algeria ee - 
Northern Rhodesia » « 31 28 
U.K. ee ee ee 82 
France . 109 
Elsewhere 125 

World Total 2,614 2,403 

(excl, 


and make still more hazardous the possibility of fore- 
casting the copper supply and or price position during 
the next few years. 


Zinc 

Production 

World production of zine is approaching 3,000,000 
tons per annum, and Table VII shows the principal 
sources. Zine smelting is normally undertaken in areas 
within the principal consuming centres, concentrates 
being shipped there from the mine. The chief producers 
of primary zine are the United States and Canada, 
Belgium and Western Germany, and the Soviet bloc. 
With the exception of Canada, the principal smelting 
countries obtain their zine from imported ores and con- 
centrates, and the principal ore producing countries 
which do not smelt are Australia, Mexico and Peru. 
New deposits of zinc-bearing ore have been brought into 
operation in Canada, and at the present time the ore 
supply position shows a temporary excess over smelter 
capacity and demand. There is a general tendency 
towards the treatment of zinc ores in the country of origin 
due to the transportation charges for the long hauls 
required, and the desirability of local manufacture of 
sulphuric acid from the sulphide ores. 

The power or fuel requirements for the extraction of 
zine are low, and are unlikely to affect the growth of 
the zine producing industry. 


Prices 

Prices of zinc have been relatively stable around £100 
per ton during the past year or two, and many expect 
the price to go no higher; there may even be some 
reduction when stock piling is reduced. 


Applications 

The principal uses of zine in the electrical industry 
are for the protection of iron and steel by galvanising— 
particularly for pylons and similar structural items—and 
for the manufacture of small parts by die-casting, which, 
in total, absorbs some 20°, of the total zine output. 
Zinc is, of course, &n important constituent of dry cells. 


Lead 
Production 
The production of lead is closely associated with that 
of zinc, and many of the large producers deal with both 


268 ' 


metals. The pattern of production is therefore general], 
similar to that of zinc throughout the world, and Tab). 
VIII shows the mine production and smelter productio: 
of lead for 1955. A large part of the lead ore is smelte«: 
in the country of origin but, except for the United State- 
the producing countries are not major consumers. |), 
particular, Britain, the United States, France an! 
Western Germany are considerable importers of lead 
It is generally considered that world reserves of lead are 
adequate to meet normal demands, but the known ore 
deposits of high metal content are small. The costs of 
lead production increase substantially with costs of fue! 
and labour, but fuel or power requirements are not high. 
Prices of lead have tended to stay considerably higher 
than pre-war, but supply and demand are approximately 
in balance at present, with some substitution of lead by 
other metals. 

Some 30°, of the lead consumed in the U.K. is used by 
the electric cable industry, but the U.S. consumption for 
this purpose is only some 10 or 11°, of its total lead 
usage. The other principal use of lead in the electrical 
industry is, of course, for sclders and for storage batteries. 
In the U.S.A., batteries account for about one-third of 
the total lead consumption, though this is rather lower 
in the U.K., due to the smaller numbers and size of 
automobiles. The Paley Report indicates that total lead 
supplies are expected to be rather short, and the U.S.A. 
will find it difficult to obtain its imports in the future, 
up to, say, 1975. It forecasts a major adjustment on the 
demand side, and this is an important factor which must 
be taken into full consideration in assessing the relative 
economics of lead and aluminium. 


General Trend of Metal Supplies 


At the moment there are adequate supplies of alum- 
inium and of the other non-ferrous metals, with some 
reasonable stability of price. 

From the foregoing it appears likely that aluminium 
production will now be sufficient for all foreseeable needs, 
and the price should remain at least as favourable as it 
is today relative to other metals. On the other hand, the 
long-term position of copper, lead and zinc seems less 
assured, based on known ore reserves of reasonable 
quality and on technical considerations such as possible 
improvements in extraction or even new methods of 
smelting. The price fluctuations of the heavier metals 
have always been considerably greater than those of 
aluminium. It appears that major inventions in the 
smelting of the heavy non-ferrous metals will be necessary 
for any substantial reduction in cost to be achieved, or 
for stability in price to be looked for. 


PRESENT ECONOMICS 


It is inevitable that aluminium should be compared 
with copper on the basis of its replacement cost, and 
several of the papers in the Symposium give actual data 
derived from specific cases. The general principle 
involved is set out in the following paragraphs. 


Effects of Electrical Properties 

To evaluate the relative costs of aluminium and copper 
as electrical conductors, it must first be taken into 
account that a given volume of copper weighs approxim- 
ately three times that of aluminium. For equal electrical! 
resistance the volume of aluminium is 1-6 times the 
volume of copper, and because metal prices are always 
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quoted by weight, both these factors have to be con- 
sidered in deriving the relative cost of conductors of 
equal resistance. 
Taking copper at £250 per ton and aluminium at £197 
per ton, the costs per cubic foot are :— 
Copper .. .. £61 188. 3d. 
Aluminium... £14 16s. 8d. 
When account is taken of the differing resistivities of the 
two metals, for equal resistance and equal length, the 
comparative costs become :— 


Copper... .. £61 18s. 3d. 
Aluminium... 6s. 4d. 


The metal cost is, of course, only the basic factor, for 
ingot or wire bar must be fabricated. The rolling, 
extruding or drawing of the metal to the required 
dimensions involves costs based on volume rather than 
weight, so that when the price of the product is expressed 
at a price per pound these production costs are approx- 
imately three times higher for aluminium than for copper. 

A practical comparison of the relative costs of bare 
stranded overhead conductors is shown in the following 
figures for a typical size of 0-1 sq. in. copper equivalent : 


Cost per Mile 


7/0-136 in Copper .. .. .. £293 
7/0-173 in. All-Aluminiun wis £144 
6/0-186 in.—-7/0-062 in. SCA .. £162 
7/0-183 in. Aluminium Alloy .. £204 


When dealing with short lengths of conductor where the 
current rating for a given temperature rise is more 
important than the resistance, the aluminium conductors 
will carry approximately 10°, more current than the 
copper. 

The above figures relate to bare conductors, but the 
same principle applies to aluminium used as the conduc- 
tor in an insulated cable. In this case, however, the 
saving in cost due to the aluminium conductor is further 
offset to some extent by the increased cost of insulation, 
because the diameter of the aluminium conductor is 1-25 
times the diameter of the copper conductor of equal 
resistance. Taking a practical example of 4-core 1,100 
volt cable with copper conductors of 0-25 sq. in. and 
aluminium conductors of 0-4 sq. in., where the resistance 
of the aluminium is 0-5%, lower than the copper, the 
relative costs per 1,000 yards are :— 


0-25 sq.in. Copper .. .. .. £3,400* 
0-4 sq.in. Aluminium .. .. £2,600 


The aluminium cable again has a higher current rating 
than the copper cable by some 10%. Other specific 
examples are given in several of the Symposium papers.* 


Economic Effcets of Other Properties 


The full cost of any installation must take into account 
metal cost, and hence the works price of the components 
and assemblies, plus many other factors. Among these 
are the transportation, erection and installation costs, 
maintenance required during the planned period of 
service, any incidental expenses resulting from failures 
which may, of course, be due to faalt conditions, and the 
scrap value. 

_ Thus, other properties of aluminium exert a significant 
influence on its economic use. First among these is its 
permanence, and it is fortunate that the purities of 
aluminium normally used for electrical purposes have 
good corrosion resistance, which is particularly useful in 
atmos} heres which suffer heavy pollution with industrial 


* Toda, s price, with copper at £240 per ton, would be up to £100 lower. 
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TABLE VIIL.—LEAD PRODUCTION, 1955. 
long tons) 


5 Mine Smelter 
Country Production Production 

we se «6 os #0 47 41 
Japan 0+ ss ee 26 37 

World Total a 1,944 1,968 


deposits, including sulphur, and salt in marine situations. 
Special surface treatments can be applied when particu- 
larly severe conditions have to be withstood, and the 
process of anodic oxidation is unique among those which 
may be applied to the surface of the common metals. 


Aluminium conductors were adopted before the end 
of the 19th century, and ample service experience has 
demonstrated that replacement need be no more frequent 
and maintenance no more costly, than for copper. The 
life of aluminium cable sheathing has not yet been 
finally assessed through active service over a long period, 
but serving of the sheath is of at least equal importance 
to the inherent resistance of the metal to the corrosive 
influences present in the soil. 

The ability of aluminium to form several major series 
of alloys permits its ready acceptance for many applica- 
tions requiring an optimum combination of characteris- 
tics, for example, good electrical conductivity plus 
enhanced strength. 

Aluminium and, particularly, its alloys can be fabric- 
ated by all the usual processes, including gravity and 
pressure die-casting to give components of good surface 
finish, high dimensional accuracy and the minimum 
weight. This process, like extrusion, permits the designer 
to dispose metal in the most favourable position from 
the point of view of strength and rigidity : for example, 
for purely structural purposes there exist both standard 
ranges of structural sections (B.S. 1161) and an infinite 
variety of special sections which can be extruded readily 
and cheaply. 

The anodised coating can be varied by appropriate 
processing to give films up to several thousandths of an 
inch thick, with a wide range in hardness, porosity and 
electrical properties. It is integral with the metal and 
can withstand any temperature rise virtually up to the 
melting point of aluminium—a valuable advantage over 
the more conventional enamels or applied films of organic 
substances. Continuous anodising of wire and strip, 
however, still requires full scale exploitation in electrical 
engineering. 

Technological advances in soldering, welding and other 
processes have made such jointing possible at no greater 
cost than those firmly established for older materials. 
The ability to weld aluminium alloy castings to wrought 
material, allows maximum economy to be achieved in 
designing complex assemblies. 

Finally, in this context, account must be taken of the 
advantage of low weight for transportation of conductors 
and equipment from the works to the site and during 
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installation of overhead lines, pylons, transformer 
stations, busbars, etc. This factor is especially important 
in certain territory—for example, aluminium pylons 
carry the power line from the Kemano Power House to 
the Kitimat Smelter of the Aluminium Company of 
Canada in British Columbia. They are of tubular form 
and carry the largest overhead line of aluminium yet 
produced. 
FUTURE TRENDS 

From the foregoing, it appears to the author that 
several conclusions can be drawn, tending to favour the 
increasing use of aluminium. 

The long-term supply of aluminium is particularly 
favourable by comparison with the other non-ferrous 
metals concerned, due to the greater abundance of high 
grade ores and the establishment of very large modern 
production units in many parts of the world. There are 
ample facilities for further expansion. 

Based on the long-term supply position and technical 
considerations of metal extraction and fabrication, 
aluminium conductors should continue to be appreciably 
cheaper than copper conductors for the same capacity, 
and it should also maintain its competitive position with 
lead and zinc at present ruling prices. 

Coupled with present supply and cost trends is the 
important factor of price stability. This is favourable 
to aluminium on forward planning from the point of 
view of purchase, and also on the basis of scrap value 
when conductors or other equipment eventually become 
obsolete. 

It is realised that these conclusions assume that there 
will be no fundamental change in the methods of extract- 
ing particular metals from their ores, which might 
conceivably lead to a major alteration in relative costs. 
From the metallurgical, physical and chemical stand- 
point, it is reasonable to assume that any such major 
changes are at least as likely to apply to aluminium as 
to the other metals. 

Considering the technical aspects of material usage, it 
appears that the working, jointing, installation and 
maintenance costs of aluminium conductors and equip- 
ment should be no higher than those incurred in carrying 
out similar operations on copper, lead, ete. Indeed, the 
lower weight of aluminium must result in some reduction 
in certain of these costs, such as transportation and 
erection. 

It is a truism that each metal will eventually find its 
appropriate level of application, based on its inherent 
properties and economic return. It is inappropriate in a 
general paper of this kind to make specific reeommenda- 
tions regarding fields of application, especially as these 
will be thoroughly discussed in the other papers, but it 
seems certain that the many applications of aluminium 
already established will continue acceptable. For certain 
applications, copper is still and may well remain, the 
most suitable of conductor materials, and therefore it 
seems reasonable to suggest that copper should be used 
basically for these essential purposes. This will allow a 
more rapid increase in the adoption of electrical equip- 
ment, and an increase in the power used per capita than 
would be the case if reliance were placed entirely on a 
sufficiency of copper for all conductor purposes. In any 
case, the rate of increase in capacity of generating plant 
exceeds the rate of increase in copper output, and 
alternative conductor materials must therefore be more 


in demand. 
The same reasoning may well apply, with even more 


force, to lead for cable sheathing, where aluminium c¢: ; 
replace it with economy in first cost, economy in ma 
tenance and an assured supply of metal. Lead isessent | 
for certain other purposes in the electrical indust: .. 
particularly for accumulators and for solders, for whi hi 
aluminium cannot be used. 

Finally, it is emphasised that the aluminium indus! »y 
has already shown its faith in the long-term adoption of 
aluminium in electrical engineering by undertaking 
research and development work, the results of which are 
now being widely used. Thus, research is sponsored into 
fundamental problems, such as contact resistance ; full 
scale development work is organised, such as co-operative 
investigations into jointing problems ; and standardisa- 
tion is supported to ensure that the electrical engineer 
is able to order his material requirements with certainty 
and with a guarantee of performance. 
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Newton Chambers Expansion 


THE output in the Heavy Constructional Shop of 
Newton Chambers and Co., Ltd., Thorncliffe, near 
Sheffield, has doubled since 1947, and by means of a 
newly completed extension, it is planned to increase it 
by a further 50°... The new extension not only caters for 
the growing demand for the Company’s existing range of 
products, but also makes provision for new interests and 
projected engineering development. 

Almost one half of the extension is devoted to modern 
facilities for welding to Class I requirements, the fabrica- 
tion of stainless steel, and line production by automatic 
welding of pressure and other vessels. The latest type 
of X-ray equipment has been provided, with facilities 
for the development and viewing of film which will be 
undertaken as a routine check on production welding 
processes. The remainder of the extension is designed 
and equipped for the larger and heavier fabrications for 
which the Company is experiencing an increasing demand. 
More headroom has been provided, heavier capacity 
cranes installed, and a special floor constructed to aid 
precision assembly of larger fabrications and weldmeénts. 

The building itself has been designed for good natural 
lighting, and the artificial lighting is of the blended 
mereury vapour-tungsten type. Shop heating is of the 
radiant panel type operating under high pressure hot 
water, for the supply of which a new oil-fired economic 


boiler has been installed. 


Largest Cast of Titanium-Bearing 
Stainless Steel 


SIXTY-FIVE tons of titanium-bearing stainless steel were 
cast recently in the large are furnace at Samuel Fox & 
Co., Ltd., a subsidiary of The United Steel Cos., Ltd. 
This was twice the quantity of this steel ever produced 
before by a single furnace in this country. Titanium- 
bearing stainless steel is one of the most difficult types of 
stainless to produce in an are furnace to very low carbon 
specifications. By careful advance planning, close timing 
and temperature control, the 65-ton cast was tapped 
successfully at the end of an eight-hour shift. 
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Fabricating 
Light Alloys 


Warwick Production’s 


Enlarged Premises 


General view of the press shop showing the three large presses 


such varied factors as properties required, avail- 

ability, cost, fashion, etc. The shortage of timber 
immediately after the war led to the use of metals for 
purposes for which wood had formerly been first choice. 
Again, scarcity of both wood and steel enabled aluminium 
to make a bigger impact on the building industry than 
might otherwise have been the case. The bridgehead 
so established has since been enlarged, and this metal is 
now a recognised architectural material. On the other 
hand, wood is making a comeback in the design of 
modern shopfronts. Where, however, the properties of 
the material are the governing factors in its choice, a 
reverse change is not so likely. A typical example 
which readily comes to mind is the adoption of alu- 
minium containers for handling fish at all stages from 
the trawler to the shop. Here, the bygienic advantages 
of metal over wood have played an important part in 
the increasing use of the former, and for similar reasons 


r | YHE choice of materials of construction depends on 


A section of the spinning shop. 
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in the background. 


aluminium has been widely adopted in several other 
branches of the food industry. 

The Warwick Preduction Co., Ltd., engineers and 
manufacturers in light alloys, have specialised for many 
years in the production of aluminium alloy containers 
used in the processing and transport of food. The 
increasing demand for such containers—-coupled with 
the fact that much additional work has recently been 
undertaken for industries ranging from textiles to 
electronics, using both light alloys and steel—put so 
much pressure on the available floor space that the 
premises at Warwick have recently been extended. 


Press Shop 


The principal items of equipment in the press shop are 
three modern deep-drawing presses, with capacities 
ranging from 400-600 tons, which are capable of meet- 
ing all but exceptional demands in so far as length, 
breadth and depth are concerned. Their application 
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The development section. 


may be illustrated by reference to the production of 
open-topped boxes designed for stacking. The blank is 
deep drawn on the 400-ton hydraulic press, prior to 
curling the stacking rim on the 600-ton hydraulic press. 
Finally, there are two swaging operations (one on the 
sides and one on the ends) and a trimming operation on 
a 400-ton mechanical press. 

Ancillary to the heavy presses is the comprehensive 
range of forming, blanking, bending and piercing presses, 
the whole making up a manufacturing unit capable of 
producing all types of containers—cylindrical, oval, 
rectangular, etc. Three large guillotines are engaged in 
the cutting to size of blanks and strip to meet the 
demands of the press shop, and a large variety of folding 
work is carried out on three press brakes. 

The company pioneered the development of aluminium 
containers for the fishing industry, and many thousands 
of such containers have been delivered over the past ten 
years. The markets at all the principal fishing ports are 
now fully equipped with landing kits and trunks made at 
Warwick. Other press shop products include 
milker pails for the dairy industry ; stacking and 
nesting boxes for the confectionery and meat 
trades ; sides, doors and tops for gas cookers ; 
fuel tanks and dashboard fascia plates for motor 
cars ; roofing sheets for the building industry ; 
marine engine sumps ; and adding machine cases 
and covers, 


Spinning Shop 

Despite the far-reaching advances in press 
work, the spinning shop still produces a wide 
range of products. These include, for the food 
and allied industries, large containers such as 
boiling pots, mixing bowls, basins and sealed 
containers. The milker pail pressings, of which 
the company manufactures the bulk of the 
United Kingdom industry’s requirements, are 
finally formed in this department. Other work, 
where small quantities only are involved, entails 
spinning complete from fiat blanks, so that tool 
costs are kept to a minimum. Blanks up to 60 in. 
diameter are used, and as most of the material is 


Section of flour purifier showing extruded section 
used for doors. 


10 s.w.g., two men are needed to carry out the spinning 
operation. Mechanical spinning is under investigation, 
but the present demand for spun products scarcely 
warrants the fairly heavy expenditure involved. 


Welding Shop 


The potentialities of the Argonare process were 
quickly appreciated, and an installation has been in 
operation for many years. By using automatic set-ups 
wherever possible, high quality welding is made possible 
at low cost. Automatic welding is used on circumferential 
welds on circular containers such as 10-stone fish kits, of 
which many thousands have been produced. 

An outstanding example of automatic welding of large 
containers is provided by the Tote Bins, which incor- 
porate a number of straight butt welds. These containers 
are used for the bulk handling of such things as flour, 
carbon black, ete., and are designed for handling by fork- 
lift trucks. Whereas much of the output of the factory is 


General view of the assembly shop. 
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Tote bin on fork lift truck. 


in the work hardening 2°,-magnesium alloy, the Tote 
Bins are made in a fully heat-treated alloy. 

In addition to the Argonarc installation, conventional 
electric are and gas welding plant is in continuous use 
on both aluminium alloys and steel. Resistance welding 
plant—ineluding spot and seam welders—is housed in 
the assembly shop. 

Assembly Shops 


A number of the press shops products are built into 
assemblies combining an extensive range of extruded 
sections and die-cast products. Typical assemblies in- 
clude fabricated fish boxes, cases for electronic appara- 
tus, stillages, frames for holding advertising posters, 
textile cabinets, ete. 

In addition to the general assembly shop, there is a 
special products and development department where 
only skilled men can be utilised. Whilst the type of work 
is, to a small degree, similar to that carried out in the 
general shop, it is of a much more complicated nature. 
One of the products of this department 1s a flour purifier, 
which incorporates a number of interesting extrusions. 
These purifiers used to be made in wood, and the change- 
over to aluminium has reduced the fire risk and overcome 
the infestation problem. 


Case for electronic apparatus. 
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{ Scaleboard for unloading ships’ cargoes. 


Finishing Department 


Although many of the company’s products do not call 
for any special finishing operations beyond degreasing, 
the requirements of others range from polishing to 
anodising and electroplating. The plating shop is fully 
equipped for anodising—with or without dyeing ; 
electropolishing and chemical brightening; and the 
deposition of nickel, copper, cadmium and chromium. 

The paint shop is pressurised to facilitate the mainten- 
ance of the standards demanded by Ministry specifica- 
tions, to the advantage of the general run of painted 
products. Post-painting treatment can be carried out in 
a large static stoving oven, or in a conveyorised infra-red 
stoving oven. 

Ancillary Departments 

The fact that the Warwick Production Company is a 
member of the Almin group of companies, means that it 
can draw readily on expert knowledge and experience of 
every aspect of aluminium alloy production and fabrica- 
tion. In the laboratory field, there are fully equipped 
chemical and metallurgical departments for control 
purposes, which enjoy the backing and advice of the 
Fulmer Research Institute. 

The company maintains a tool room and machine 
shop, and the fact that tools are designed and manu- 
factured on the premises assists in quoting firm delivery 
dates and in cutting down costs. 

Stocks of sheet, cut blanks, rivets, etc., are held in 
a special store, and for finished products there is a storage 
building equipped with degreasing plant and a press used 
solely for embossing customers’ names on containers. The 
majority of the output is despatched direct to the 
customer by the company’s own fleet of vehicles. 


Continuous Casting Merger 


Tue Continuous Casting Co., Ltd., Netherby, Weybridge, 
announces its association with Davy & United Engineer- 
ing Co., Ltd., and Newton Chambers & Co., Ltd. Sir 
Peter Roserts, Bt., M.P., Chairman, and Mr. K. E, 
Waker, Assistant Managing Director, of Newton 
Chambers & Co., Ltd., and Mr. M. A. Fiennes, Managing 
Director, and Mr. M. F. Dowprtne, Engineering Sales 
Manager, of Davy & United Engineering Co., Ltd., have 
joined the Board of the Company. 
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has been widely developed in the Soviet Union for 

toughening and hardening tools and machine 

components, as well as for removing broken taps and 
similar purposes. Its effect on wear resistance has 
lately been further investigated by N. P. Pan’kov.* 

Among the principal effects of this treatment are : 
(a) increased hardness; (b) reduced density; (c) the 
heterogeneous nature and thinness of the surface layer 
affected; (d) the presence of “foreign” alloying 
elements in the affected layer, due to the disintegration 
of the working electrode ; and (e) an increase in carbon 
content of the layer when a graphite electrode is used. 

In Pan’kov’s investigations, both laboratory and 
works conditions were used on test pieces of iron and 
steel. The duration of the tests on the Amsler wear 
testing machine were 15 hours for the steel samples and 
22 hours for the cast iron. Electro-spark treatment was 
applied either by manual equipment or by a power 
machine of special design, developed in the Ministry’s 
research station, which caters for eight sets of operating 
conditions. The voltage generally used was 250 V., the 
current for condenser charging 0-6A., the speed 
14-85 r.p.m., and the feed 0-15 mm./rev. The electrode 
material was the hard metal T15K6—one of the best 
known and most widely used of Soviet bonded sintered 
carbides, which consists of tungsten carbide bonded with 
cobalt. 

Six series of tests were carried out, using four samples, 
as detailed in Table I. The test conditions in the 
absence of lubricant were the same for all samples, 
namely: applied load—l5 kg. specific load on roller 
surface—7-5 kg./sq. em.; roller speed—193 r.p.m. 
(peripheral speed—0O-4 m. sec.); duration of test 
between measurements—l hr. To ensure uniform wear 
and facilitate removal of wear products, an axial 
reciprocatory movement was imparted to the slide block, 
with a 2mm. stroke and 220 complete cycles each 
minute. The block temperature readings, friction 
moment and work, and path traversed were noted every 
10 minutes. At the end of each hour the roller and 
block were removed from the machine, wiped with 
paper and dry rag to remove traces of oxide, washed 
with benzine and dried. The samples were then weighed, 
examined for surface roughness and micro-hardness 
tested. For the latter operation, special precautions 
were taken to ensure that measurements were always 
taken in the same place. They were made with the 
well-known Soviet instrument PMT-3 (Khrushchov and 
Berkovich). 

If, in the course of electro-spark hardening, the 
sample is coated with hard metal from the electrode, a 
sudden change .n the rate of wear might be expected 
on passing the boundary between the base metal and 
the coating. No such sudden change occurred in these 
tests, the wear appearing to follow a course similar 
to that of steel hardened by thermo-chemical methods. 
The wear of cast iron hardened with hard metal TI5K6 


¢ recent years the electro-spark working of metals 


* Vestnik Mashin, Dec. 1955, 41-44, 


Wear Resistance Improved by 
Electro-Spark Treatment 


TABLE I.—DETAILS OF WEAR TEST SAMPLES. 


Test Series® | Roller Material Slide Block Material 


Tempered Steel 45 


Grey cast iron electro- Tempered Steel 45 
spark hardened 
Grey cast iron 


| 
1 Tempered Steel 45 | 
2 Steel 45 electro-spark Steel 45 electro-spark 
hardened hardened 
3 Steel 45 electro-spark Tempered Steel 45 
hardened 
4 Steel 45 electro-spark Normalised Steel 45 
hardened 
5 
6 


Grey cast iron 


* Tests 1 and 6 were used as standards, 


appeared similar to that of an abrasive wheel when only 
the hard grains held by a soft (metal or other) bond 
continually fall out. It differed however, both in the 
hardness of grain and in the varying depth of the 
hardened layer. 

Electro-spark hardening of Steel 45 with TI5K6 
showed radical changes in wearability. As with the 
cast iron rollers, there were considerable differences in 
the rate of wear of rollers which had been hardened and 
of those which had not. With the former there was a 
gradual increase in wear rate, as the test proceeded, 
whereas with the latter the rate remained steady. Both 
with iron and steel the value of the processes was 
demonstrated, the resistance to wear being doubled or 
trebled. It appeared to be undesirable to electro-spark 
harden both the roller and the slide block, the wear rate 
being increased (double or more) compared with that 
for an electro-spark hardened roller and a hardened and 
tempered slide block. 

There appears to be scope for further work in which 
such factors as the relative hardness and speed of the 
wearing parts are investigated, and in which further 
examples of workshop applications are detailed. The 
author concludes with a discussion of a practical example 
—the reconditioning of a worn part of an automobile 
front drive. 


Improved Soft Solders 


THE use of automobile radiators with operating pressures 
up to 16 Ib. /sq. in. calls for solders stronger than those 
currently in use. Moreover, the solders must retain 
their properties at the higher temperatures that result. 
Battelle technologists have becn investigating the 
problem of developing improved solders for the Tin 
Research Institute, in anticipation of the demands that 
may result from these greater operating pressures. 
They evaluated a number of modified tin-lead solders 
under cyclic loads at 223° F. Generally, solders with 
high tin content showed longer life under such loading. 
H. E. Pattee and R. M. Evans, of Battelle, report that 
additions of germanium, nickel, or cerium (used only in 
concentrations of 0-2°, by weight) improved the ability 
of tin-lead solders to withstand elevated-temperature 
usage. Gains from these additions appear more pro- 


nounced if the tin content of the solder is high. Low 
concentrations of zinc, bismuth, and antimony are also 
beneficial, though high concentrations have detrimental 


effects. 
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Recent Heat Treatment Furnace 
Installations 


Annual Survey of Developments 


Despite the relatively lower industrial output during the past year, notably from the motor car industry, 
the design and construction of heating plant, particularly heat treatment equipment, continues to 
develop. The old conception of a separate heat treatment shop is gradually giving way to the pro- 
duction engineer's demands for heat treatment equipment to be placed in line with machine tools, but 
of additional importance to furnace designers is the growing need for greater impact, fatigue, and 
high temperature strengths from the metals and alloys treated. Developments in design resulting 
from these demands will be noted in some of the more recent installations presented in this survey. 


in the nuclear energy field, have resulted in a 

need for furnaces capable of reaching much higher 
temperatures than are encountered in normal heat 
treatment operations, and although this survey is con- 
cerned mainly with production furnaces of more or less 
orthodox type, brief reference may be made at the 
outset to more specialised types. 

Considerable developments have taken place in the 
field of vacuum metallurgy and a number of firms and 
combinations of firms have embarked on the manufac- 
ture of vacuum furnaces. Whilst many of these are 
designed as melting units, high temperature furnaces 
of the vacuum or inert gas types are being used in powder 
metallurgical operations, and in the study of the 
“newer” metals. 

Among the new units which have been designed and 
built is a resistance furnace by G.E.C. capable of reach- 
ing a temperature of 3,000° C., which is operating at the 
Atomic Energy Research Establishment, Harwell. The 
furnace has a useful working volume of 3} cu. ft. and 
can accommodate a charge of 240 lb. The heating ele- 
ments consist of six graphite plates arranged in 
hexagonal form. The furnace chamber and hearth floor 
are also built of graphite plates, while carbon black 
powder is used to provide thermal insulation. Starting 
from cold, the furnace can reach a temperature of 
3,000° C. in about six hours with a minimum power 
input of 150 kVA. Temperature control is effected by 
means of a radiation pyrometer sighted on one of the 
elements and operating a relay which adjusts the secon- 
dary voltage to balance heating losses and energy input. 
The furnace is operated with an atmosphere of pure 
argon to protect the charge and elements against 
oxidation. The furnace is being used in the study of the 
makin of graphite and offers advantages over conven- 
tional methods of graphitising, since the purity of the 
atmos) here and the temperature of the charge can be 
closely controlled. 

The ‘oregoing may be regarded as trends in the design 
and c..struction of heating equipment to meet very 
specia! ieeds. In the design of heat treatment furnaces, 
by whi h the properties of the material are controlled in 
the so’. state, the trend is mainly concerned with the 
simplii tion of operation. For many components, heat 
treatm,‘ is tending to become a stage in the production 
line, a ‘he old conception of a separate heat treatment 
shop is _adually giving way to the need for equipment 
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Courtesy of Incandescent Heat Co., Ltd. 
Fig. 1.—In-line unit for heating steel slabs. 


to be placed in line with machine tools producing the 
components to be treated. In consequence, continuous 
heat treatment furnaces tend to be viewed more as 
machine tools than furnaces. 

All modern heat treatment units are equipped with 
automatic temperature control and, where the process 
makes it necessary, automatic heating cycle control. 
In some operations the constitution of the atmosphere 
in contact with the work undergoing treatment is 
important, and equipment for the provision of suitable 
gases is proving effective. 


Reheating Furnaces 


Even for reheating stock preparatory to forming, the 
trend is towards designs suitable for installation in the 
production line, a typical example being the 12 gas- 
fired furnaces shown in Fig. 1. This “ in-line heating 
unit,” installed at the Holmes Mills of J. J. Habershon 
& Sons, Ltd., is designed for a continuous output of 
20,000 Jb./hr. of 1} in. thick steel slabs, varying in 
width from 8 in. to 15 in., and with a maximum length 
of 35 ft. The operating temperature range is 
845-1,200° C. 

A recent furnace installation for the seamless tube 
plant at the Dumbarton Works of Babcock & Wilcox, 
Ltd., is of interest. It comprises three furnaces of the 
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Courtesy of Dowson & Mason, Ltd, 


Fig. 2.—-Roll-down tube reheating furnace feeding a 
hot-reduction mill. 


continuous type: a roll-down type billet heater which 
feeds the piercer and Pilger machine ; a tube re-heating 
furnace for the hot reduction mill; and a roller hearth 
annealing furnace. 

The billet furnace has an effective heating length of 
66 ft. and a chamber width of 6 ft. 7 in., and is rated for 
an output of 6 tons/hr. of 6 in. diameter mild and alloy 
steel billets heated to 1,316°C. The burners are 
arranged for two-zone top firing, using town’s gas with 
preheated air from a recuperator of Newton Chambers 
manufacture. The furnace is end charged, no pusher 
being fitted as the hearth slopes towards the hot zone, 
where side discharge is by pusher, consisting of a 
mechanically operated peel which enters the furnace 
through a door at one side of the soaking hearth and 
propels the leading billet longitudinally through the 
discharge door opposite on to a roller conveyor. 

The reheating furnace, shown in Fig. 2, is also of the 
roll-down type, having chamber dimensions 35 ft. by 
10 ft. 9 in. The rated output is 8 tons/hr. of 4 in. o/d 
by 28 ft. 6 in. long tubes heated from 500 to 950° C, 
The tubes enter the furnace axially, being brought up 
on a roller conveyor and propelled through the door by 


the charging mechanism. Within the chamber the 


Courtesy of Nu-Way Heating Plants, 


tubes progress from charge to discharge by rolling, tle 
hearth being sloped. For discharge there is an electric. 
ally driven machine, the peel of which enters through a 
small door and propels the tube a sufficient distance 
through the discharge door opposite for the leading end 
to be gripped by a pair of pinch rolls feeding the mill. 
The furnace is town’s gas fired by multiple burners, 
divided into separate groups, mounted along the wall 
adjacent to the discharge position and firing directly 
into the working chamber above the stock. Each 
burner has a separate single-tube recuperator, mounted 
in flues below hearth level, for preheating the combustion 
air. 
Many forge and annealing furnaces are oil-fired, and 
the billet heating furnace shown in Fig. 3 is one example 
in which Rotavac burners are used. Either heavy or 
light fuel oils can be used efficiently, and the burners 
provide a wide range of control between maximum and 
minimum rates of firing. The furnace atmosphere, 
whether oxidising, neutral or reducing, is readily 
controlled. 

The heating of aluminium and aluminium alloy billets 
requires special care to ensure thorough soaking within 


Courtesy of J. L. 8. Engineering Co., Lita. 


Fig. 4..-Semi-continuous furnace for heating aluminium 
billets prior to hot working. 


the temperature range, and the patented air circulat- 
ing semi-continuous feed type furnace shown in Fig. 
4 is proving useful for preheating billets prior to hot 
working. The ease of handling the billets through the 
furnace and the uniformity of temperature attained in 
the billets are advantages associated with this equip- 
ment. A much larger installation for heating slabs 
prior to rolling is shown in Fig. 5. This comprises 
two furnaces, each rated at 460 kW. and controlled 
in three zones, with heating chamber dimensions of 
6 ft. 6 in. wide by 24 ft. 3 in. long by 2 ft. 9 in. high. 
The furnaces were installed for heating slabs to be 
rolled into strip; the slabs are normally 72 in. long, 
15 in. wide and 7 in. thick, and the average hourly 
output is 2 tons. Each furnace is heated by cyclone- 
type heaters, and the slabs are progressed through 
the furnace on rollers and shoes operated by oil-hy- 
draulic pusher gear: a similar hydraulic extractor 
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Billet heating furnace fired by oil through Rotavac sat . 
, burners. . the billets being loaded into position prior to charging. 
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Courtesy of Electric Resistance Furnace Co., Ltd, 
Fig. 5.-Furnace for heating aluminium slabs prior to 
rolling to strip. 


The Incandescent town’s gas fired roll-down furnace 
at the Chesterfield Tube Co., Ltd., has been converted 
to Equiverse firing by the application of three Thermal 
Pulsating units, and is being used for the heating of 
stainless and alloy steel billets for tube extrusion. The 
Equiverse system enables the furnace to heat the work 
to the soaking temperature in the minimum time, with 
absolute protection. 


Stress-Relieving Furnace 
It is generally appreciated that in stress-relieving 


castings or fabrications a very uniform temperature 
throughout the load is important, and there should be 
no hot spots which might cause part of the load to 
exceed the maximum temperature. To obtain these 
conditions in the furnace shown in Fig. 6, oil burning 
equipment is provided to fire into a separate combustion 
chamber, and the products of combustion, mixed with 
recirculated gases, are blown into the heating chamber at 
various points. This method prevents flame impinge- 
ment or radiation effects from the burners. The example 
shown is a small furnace for stress-relieving castings or 


: Courtesy of G.W.B. Furnaces, Ltd. 
Electrically heated bogie hearth furnace for stress- 
relieving welded fabrications. 
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Courtesy of Modern Furnaces & Stoves, Lid. 


Fig. 6.—-Lift-off cover type of stress-relieving furnace. 


welded fabrications : it consists of a refractory bed, on 
which the work is charged, and a lift-off cover. 

The unit shown in Fig. 7 was designed and installed 
for stress-relieving a variety of welded steel fabrications. 
It is a bogie hearth furnace, which eliminates the need 
for a separate charging machine, and is capable of 
carrying heavy charges. The heating elements are of 
the sinuous strip type, arranged along the side walls and 
back wall. A panel of heating elements is also fitted to 
the inner face of the door to counter end losses, to 
stabilise the furnace temperature rapidly after the door 
has been open, and to assist in achieving high thermal 
uniformity throughout the heating chamber. The 
capstan hand wheel seen at the front end of the bogie 
operates a continuous sealing device when the bogie is 
in position inside the furnace. On rotating the wheel, a 
continuous trough filled with sand and circumscribing 
the steel base of the bogie is lifted up, receiving knife- 
edge flanges running round the bottom of the bogie and 
the bottom of the furnace chamber respectively, thus 
preventing the infiltration of cold air. 

An interesting unit installed at the Huddersfield Works 


Courtesy of Modern Furnaces & Stoves, Ltd, 


Fig. 8.—Gas-fired bogie hearth furnace for stress-relieving 


fabricated gears and box parts. 
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Courtesy of Metalectric Furnaces, Ltd. 


Fig. 9.--Two continuous furnaces, working in tandem, 
for annealing castings. 


of David Brown, Ltd., is shown in Fig. 8. This furnace, 
which is being used for stress-relieving fabricated gears 
and box parts, is fitted with Vortex gas burners, which 
give intimate mixing of gas and air at all rates of flow 
and have a high rate of turn-down without the possi- 
bility of lighting back. Settings can be provided to give 
oxidising or reducing conditions, as desired, in the 
furnace. Burners are placed four on each side of the 
furnace, firing directly into the work chamber. Flame 
impingement is prevented by a screen of hot recirculated 
gases blowing through a slot in front of each burner. 
The waste gases are then drawn from the heating 
chamber through two openings, one in each side wall at 
the front of the furnace, then along two ducts in the 
shoulders of the arch, down through a special heat 
resisting fan, and are finally blown through ducts in the 
base of the walls back into the furnace. This recirculation 
system can be used at all temperatures up to 650° C., 
but for temperatures up to 950°C. the recirculation 
system can be isolated. An interesting example of 
mechanisation is provided by two continuous furnaces 
installed at the Dagenham Works of the Ford Motor Co., 


Courtesy of The General Electric Co., Ltd. 


Fig. 11.—-Horizontal batch furnace installed for the treat- 


ment of copper alloys. 


Courtesy of Stordy Engineering, Lid. 


Fig. 10.—-Continuous flash annealing furnace designed to 
deal with up to 1} tons per hour of aluminium sheet. 


Ltd. (Fig. 9). They work in tandem and are used for 
annealing castings. The work is loaded into cast nickel- 
chromium trays which are pushed in two rows through 
the furnaces on idler rollers. The whole plant is 190 ft. 
long and has a total rating of 1,200 kW. An important 
feature is that the whole sequence is operated by one 
man, who controls all the operations from an interlocked 


drum controller. 


Although not new, there is a steadily increasing 
interest in the flash annealing of aluminium sheet, both 
in this country and on the Continent. Fig. 10 shows a 
continuous furnace for this treatment installed in the 
South Wales area and designed to handle up to 1} tons 
hr. of aluminium and aluminium alloy sheets up to 
2 metres wide. The furnace is electrically heated, of the 
fully air circulated type, and provided with non-metallic 
transfer tapes on loading and unloading stations. The 
heater units are remote from the working chamber and 
so arranged as to enable them to be withdrawn as units 
for maintenance inspection. 


Another flash annealing furnace, recently installed by 
the Electric Resistance Furnace Co., Ltd., has an overall 
length of about 50 ft., including a 12 ft. heating chamber, 
a 15 ft. cooling chamber, and approximately 10 ft. at 
each end for loading and unloading. It is rated at 
275 kW. The heating chamber is divided into four 
independently controlled zones, each with its own ex- 
ternal roof heater. A system of baffles in each zone is 
provided to control the flow of heated air both under 
and over the sheets. With air at 650°C. and a metal 
temperature of 420° C., a time cycle of 45 seconds would 
be required for flash annealing aluminium alloy circles 
4 ft. diameter and 0-036 in. thick. 


A new single-ended rectangular furnace for the treat- 
ment of copper alloys, including aluminium bronze, has 
been installed at the Birmingham Works of McKechnie 
Brothers, Ltd. (Fig. 11). Its length of 15 ft. is heated 
by nickel-chromium elements arranged in two zones 
controlled independently. Three large diameter centr- 
fugal fans are provided in the roof to ensure as even & 
temperature as possible throughout the charge, and the 
furnace is fitted with heat resisting steel baffles which 
control the air flow path over the elements and through 
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Courtesy of The General Electric Co., Ltd. 


Fig. 12.—-Part of the bright annealing installation at 
Whitehead Iron & Steel Co., Ltd. 


the charge. The maximum rating of 180 kW. provides 
for temperatures up to 900° C. 

Eight more furnaces, each rated at 150 kW. and taking 
containers with effective dimensions of 44 in. diameter 
and 86 in. depth. have been added to the G.E.C. bright 
annealing plant in the works of the Whitehead Iron & 
Steel Co., Ltd. (Fig. 12). This installation now totals 


37 vertical cylindrical furnaces and 248 annealing con- 
tainers, making it probably the largest of its kind in 
Europe. The bright annealing atmosphere is supplied 


by G.E.C. gas plant installed in a central position. 

A complete installation by Birlec of furnaces and 
equipment for annealing, hardening, tempering, stress- 
relieving, pickling and phosphatising shells at the 
Aldridge Works of the B.R.D. Company, has been put 
into operation. Part of this installation is shown in 
Fig. 13, which illustrates the discharge end of a mesh 
belt conveyor furnace for annealing 30 mm. shells. 

Another installation by Birlec, Ltd., comprising a 
sealed quench furnace and two pit-type furnaces for the 
heat treatment of materials and components for jet 
ergines, has been supplied to the Aero Division of Rolls 
Royee, Ltd. The sealed quench furnace, which is 
installed at the Mountsorrel Works, is concerned mainly 
with Fortiweld. Its purpose is to normalise at 960° C., 
to stress-relieve at 700° C., and to soften the material at 
850° C. before pressing. The maximum temperature of 
this furnace is 1,080°C. The two pit-type furnaces are 
concerned with the treatment of jet pipes, mainly for 
ageing the pipes at 750° C., although they may also be 
used for annealing at 1,080°C. Rated at 250 kW., each 
furnace has a usable diameter of 4 ft. and a usable depth 
of 16 ft. In each furnace air circulation is provided by 
a fan, :nounted in a double-cased heat insulated chamber, 
which is insulated by a baffle at temperatures above 
800° C 

roller hearth furnace, forming part of the installa- 

the Dumbarton Works of Babcock & Wilcox, 

‘\g. 14), provides a cycle consisting of heating from 

950° C. and soaking, followed by controlled 

ing to 500° C., the rated output being 2 tons/hr. of 
irying in size from 14 in. to 3} in. o/d. The 

has a length of 84 ft. and a width of 4 ft. between 

the sid walls. With charge and discharge tables of the 


Courtesy of Birlec, Ltd. 


Fig. 13.—-Discharge end of a mesh belt conveyor furnace 
for the annealing of 30 mm. shells. 


live roller type, the plant has an overall length of 193 ft. 
The furnace is direct-fired by town’s gas, multiple 
burners being located in the side walls above and below 
hearth level, and controlled by fully floating temperature 
control equipment. 


Continuing its expansion, the Steel Company of 
Wales has already installed an extension to the existing 
annealing plant for coil and sheet at Abbey Works. 
This plant, which now consists of 22 furnaces and 60 
bases, is undergoing further extension and will eventually 
comprise 29 furnaces and 78 bases. The Incandescent 
lift-off furnaces and bases are used for bright annealing 
coils after cold rolling. Each base has its own tempera- 
ture recorder, and has room for four stacks of coils, each 
72 in. o/d. The furnaces are fired by clean coke-oven 
gas through Incandescent Radiant Bowl burners. 

A continuous annealing furnace for metal strip (Fig. 
15) has been installed at the new works of the Telegraph 
Construction & Maintenance Co., Ltd., at Crawley. It 


Courtesy of Dowson & Mason, Ltd. 


Fig. 14.—-Gas-fired continuous roller hearth furnace for 
annealing steel tubes. 
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Courtesy of Metalectric Furnaces, Ltd. 


Fig. 15.—Vertical tower-type furnace for continuous 
annealing of strip. 


has an output of 300 Ib. hr. of special alloy strip, in 
widths varying between 2 and 10 in. and thicknesses 
between 0-008 and 0-02 in.: the strip speed varies 
between 2 and 21 ft. min. The complete plant consists 
of pay-off coil boxes, electric spot welder, then the 
tower furnace, followed by master pinch rolls and, 
finally, a recoiling unit. The recoiler has five heads, 
each positively driven through a friction clutch which 
can be adjusted to provide the correct tension for recoil- 
ing the different gauges of strip; each head may be 
isolated independently. The vertical tower furnace has 
a rating of 60 kW., with a maximum temperature of 
1,000°C. The heating zone is followed by a water- 
cooled cooling zone, from which the strip enters the 
pinch rolls. 

Metalectric Furnaces, Ltd., have recently supplied to 
W. T. Glover, Ltd., a continuous furnace for bright 


annealing copper wire. This plant, which can handle 


Courtesy of Barlow-Whitney, Ltd. 


Fig. 16.-Double-ended furnace for annealing brass, 
copper, or Monel metal tubes prior to and subsequent to 


bending. 


coils and spools up to 1,000 Ib. in weight, is automatically 
controlled. The wire is loaded at floor level, the spoo's 
being automatically tilted and placed directly on to the 
conveyor chains. The furnace, which is over 100 ft, 
long, operates at temperatures up to 500°C., and 
conditioned town’s gas is used as protective atmosphere. 
The rating is 135 kW., and with an output of 44 tons 
week, the consumption of electricity is 58 kWh./ton of 
wire annealed. 

Fig. 16 shows an electrically heated double-ended 
furnace for annealing brass, copper and Monel feed 
water heater tubes, both prior to and subsequent to 
bending ; recently supplied by Barlow-Whitney, Ltd., 
the operating temperature range is 500-900° C. Another 
recent Barlow-Whitney installation is the three-zone 
continuous furnace seen in Fig. 17, which has also been 
designed for operation at temperatures up to 1,000° C, 
This furnace has a rating of 60 kW., and its effective 
length is 25 ft., the working chamber being 24 in. wide 
and 8 in. high. 

The rectangular bell-base furnace is standard for 
annealing transformer sheets, and an installation of this 
type is shown in Fig. 18. The heat treatment require- 
ments consist of heating and soaking at 850° C., followed 
by a controlled slow cooling cycle. To meet these 
requirements two bases only are necessary, but a lightly 
insulated cooling hood is provided for the latter part of 


Courtesy of Barlow-Whitney, Lid. 


Fig. 17. -Three-zone continuous furnace for temperatures 
up to 1,000° C. 


the cooling cycle. The furnace bell is rated at 170 kW., 
and each base is provided with 20 kW. elements. The 
sheets to be treated are 9 ft. by 3 ft., and they are 
stacked on a base in loads of 5 tons. Delta /star con- 
nections to the bell provide for full rating during the 
heating cycle, which is reduced to a third for the soaking 
and slow cooling cycle. The controlled atmosphere 
consists of burnt ammonia dried to a dewpoint of 32° F. 
Power consumption in operating this furnace is reported 
to be 220 kWh. ton and the consumption of straight 
burnt ammonia 400 cu. ft./ton. 

As an alternative to bell-type furnaces for bright 
annealing, pit-type furnaces are often provided where 
special site considerations are involved. A furnace of 
this type supplied by Electric Resistance Furnace Co., 
Ltd., is designed for bright annealing copper wire 0D 
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bobbins, in coil form and on 15 in. and 24 in. drums. 
The loads vary from 2,600 to 4,000 lb., the latter apply- 
ing when four 1,000-lb. drums are stacked per pot. The 
output from this installation is 15 ewt./hr., with a time 
eycle of two hours heating and soaking, followed by 
nine-and-a-half hours cooling: the temperature is 
derived from an Efco exothermic town’s gas generator. 

A continuous roller hearth furnace, with exothermic 
gas plant, for bright annealing steel conduit (Fig. 19) 
has recently been installed at the works of Barton 
Conduits, Ltd. The charge comprises steel conduit 
ranging from 4 in. 20 s.w.g. to 2} in. 10 s.w.g., and the 


Courtesy of Electric Resistance Furnace Co., Ltd. 
Fig. 18.—Rectangular two-base bell installation for 


annealing transformer sheets. Note the ammonia burner 
on the left. 


furnace has an output of | ton/hr. The heating chamber 
is 20 ft. long and has a rating of 270 kW.., split into three 
independently controlled zones: the overall length of 
the plant is 127 ft. A similarly designed furnace, having 
an output of 3 tons/hr., is now in production in the 
South African Factory of Barton Conduits. The heating 
chamber of this larger furnace is 40 ft. long, with a useful 
width of 4 ft. 3 in. and a rating of 750 kW., divided into 
four independently controlled zones. The total overall 
length of this plant is 200 ft. As town’s gas is not avail- 
able. the protective atmosphere is produced from kero- 
sene, the unit having a capacity of 6,000 cu. ft./hr. 

An interesting furnace has been developed especially 
for the heat treatment of high nickel alloy wires. The 
specification called for 20 strands to be heated to 
1,200° C. and cooled, with controlled heating and cooling 
rates. and for the unit to have a special purging gas 
atmosphere for protection. To meet these requirements, 
a furnace was designed having 20 } in. bore Inconel 
tubes running through it and connected to cooling tubes 
through a water cooled quenching tank. The furnace, 
shown in Fig. 20, is of semi-muffle design, with burners 
firins under the hearth before entering the working 
chariber ; consequently there is no flame impingement 
on the tubes. The tubes are anchored at the discharge 
end ind each is individually provided with tensioning 
gear mounted at the charge end of the furnace. The 
pur, og gas is admitted to the tubes at a point adjacent 
to t)» discharge opening of the furnace, that is approxi- 
mat |v midway along their length, after which the 
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Courtesy of McDonald Furnaces, Ltd 


Fig. 19.-Roller hearth furnace for bright annealing steel 
tubes. 


purging gas is free to flow to either end of the tubes. 
The purging gas is supplied separately to each tube, and 
the quantity is recorded by individual flow meters. 

A recent installation is the electrically heated four- 
base bell furnace, shown in Fig. 21. This furnace has 
been supplied for annealing non-ferrous cable, the 
effective dimensions of each base enabling coils with a 
maximum diameter of 10 ft. to be loaded up to a height 
of 5 ft. The heating bell is rated at 300 kW., the 
elements being divided into three equal zones in a 
horizontal plane, each zone fed from an evenly distri- 
buted three-phase supply. A protective atmosphere is 
introduced into the gas-tight charge retorts. The fans 
fitted in each base, in addition to speeding-up heating, 
help to attain a high degree of thermal uniformity, and 
to ensure intimate contact of the protective atmosphere 
with all surfaces of the charge. It is noteworthy that 
the power supply connections, instead of trailing cables, 
are sets of spring loaded contacts fitted to the underside 
of the furnace, which mate up with corresponding 
contacts situated beside each base. 


Courtesy of Gibbons Brothers, Ltd, 


Fig. 20..-Twenty-strand wire annealing furnace specially 
designed for the treatment of high-nickel alloy wires. 
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Courtesy of G.W.B. Purnaces, Ltd, 


Fig. 21.—Part of a four-base bell furnace installation 
supplied for annealing non-ferrous cable. 


A bogie hearth type furnace (Fig. 22) has recently been 
installed for annealing iron castings, particularly 
spheroidal graphite castings. It has a rating of 75 kW. 
and is capable of attaining a temperature of 1,000° C. 
The usable chamber dimensions of this furnace are 2 ft. 
6 in. wide, 2 ft. 6 in. high and 6 ft. long, but non- 
standard units are manufactured with capacities up to 
20,000 cu. ft. For the treatment of spheroidal graphite 
castings, fully automatic control equipment is included 
to give a controlled heating and cooling cycle. A typical 
cycle comprises a heating up time of, say, 44 hours, to 
raise the temperature of the castings to 900° C., followed 
by a soaking time at this temperature of 4-6 hours, a 
forced cooling time of 2 hours to 750° C., a controlled 
slow cool for 10 hours at the rate of 10° C. /hr. to 650° C., 
when the charge can be withdrawn. 


Case-Hardening Furnaces 


It is generally acknowledged that gas carburising has 
advantages over the older pack method, taking less time 
for a given case depth, giving more control of the type 
of case and cleaner working conditions, ard calling for 
less floor space and fewer handling operations. In 
consequence, gas carburising installations are steadily 
increasing in number. Among these, attention is 
directed to the recent development associated with the 
Homocarb method, which has been applied for many 
years for carburising and hardening steel: Fig. 23 
shows the type of furnace used for carrying out this 
process. The recent advance is the application of 
Microcarb control, by which surface carbon content of 
work can be automatically controlled during the entire 
heating cycle, and just as effectively as is temperature, 
the complete equipment making possible continuous 
measurement and control of the furnace atmosphere. 

In addition to the temperature of the charge and the 
time during which it is held at that temperature, the 
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Courtesy of Royce Electric Furnaces, Ltd, 


Fig. 22.--Bogie hearth furnace installed for annealing 


spheroidal graphite iron castings. 


carbon potential of the atmosphere has an important 
significance in obtaining accurate control in the produc- 
tion of high quality work. In the Homocarb method, the 
carburising medium is a gas atmosphere obtained by 
cracking a chemically constant hydrocarbon fluid 
directly in the furnace. With the new control equip- 
ment, the dial of the instrument is set at the percentage 
of carbon the surfaces of the components in the charge 
are required to have, and that carbon content value can 
be maintained and the results reproduced on a mass- 
production basis. The principal element in obtaining 
the carbon measurement is the Carbohm, Fig. 24, which 
is mounted in an open-ended protecting tube and 
inserted directly in the work chamber. It takes the 
form of an iron-nickel wire that responds to the carbon 
potential of the furnace atmosphere in the same way as 
the steel being treated. The wire rapidly reaches and 
remains in carbon equilibrium with the active carbon in 
the furnace atmosphere. As the amount of active 
carbon increases or decreases, the carbon content of the 
wire changes with it, and the electric resistance of the 
wire increases or decreases. These changes in resistance 
are a straight line function of active carbon at any given 
temperature, and are picked up by a controller, calibrated 
directly in per cent carbon, measured by a Wheatstone 
bridge circuit, and amplified to operate a relay that 
regulates the flow of hydrocarbon fluid to the furnace. 
The output signal from the measuring circuit is also 
transmitted to a recorder, the indicating scale and chart 
of which are calibrated directly in per cent carbon, so 
that it continuously indicates and draws a record of the 
per cent active carbon in the furnace atmosphere. The 
carbon range—0-15-1-15°,—is wide enough to take 
care of all practical applications. 

For many years the direct feeding of carburising 
atmosphere to the furnace was the standard Wild- 
Barfield process for gas carburising, using their prepara- 
tion from raw town’s gas, and many furnaces of this 
type are still being installed. More recently, the 
Carbodrip method of gas carburising was introduced, 
and an installation of this type, shown in Fig. 25, is in 
operation in the works of a well-known tractor and 
motor manufacturer, where it is used for carburising 
gears and other components. 

Fig. 26 shows a second continuous carburising plant 
recently put into commission at the Luton Works of 
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Courtesy of 
Integra, Leeds & Northrup Ltd, 


Fig. 23. (left)—Cut- 
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struction. 


Courtesy of 
Integra, Leeds & Northrup Ltd. 


furnace 


its con- Carbobm 


protecting tube 


Lamu switch 


Fig. 24. (right)—The 
Carbohm and _ its 
assembly. 


Vauxhall Motors. Ltd., which is now in normal produc- 
tion on transmission and final drive gear components 
having a case depth of 0-040-0-048 in. with a surface 
carbon content of 0-9-1-10°,, on a 9-hour overall heat- 
ing, carburising and diffusion cycle time : the net output 


is of the order of 450 lb./hr. The furnace is a two-track 
pusher tray type, having an effective length of 23 ft. 
4in. and a width of 5 ft. 3 in., accommodating 28 trays, 
each 24 in. by 18 in. Provision is made for one track to 
deal more or less exclusively with crown wheels, which, 
on one size, are loaded 27 per tray. At the discharge 
end of the furnace, and in line with this track, is a 
downward opening door, revealing a slot opening of 
adjustable height, in order to give the operator the 
easiest possible access to the stacks of wheels and 
spacers. This arrangement lends itself to rapid and 
trouble-free discharge of each tray load of crown wheels 


Courtesy of Wiid-Barfield Electric Furnaces, Ltd. 


25.—Carbodrip gas carburising installation in 
the works of a tractor manufacturer. 


and, at the same time, ensures identical treatment of the 
whole tray load. It has been found in practice that the 
limiting factor on rate of unloading is the number of 
Gleason presses—five at the moment—rather than the 
rate at which the operator can off-load the trays in the 
furnace. With five presses the 27 wheels and spacers 
are easily extracted within the 18-min. period available. 
After removal of all crown wheels and spacer jigs from 
this tray track, the end slot door is closed by manual 
operation, enabling the automatic cycle to complete the 
tray removal operation via the side door and quench 
tank. The tray is finally extracted from the quench 
Lowerator platform, pulled into line with the washer and 
tempering furnace, and subsequently returned to the 
loading platform. 

The other track is fully automatic over the entire 
circuit, and is dealing with bevel pinions and other tray 


Courtesy of British Furnaces, Ltd. 


Fig. 26.— Continuous gas carburising plant at the Luton 
Works of Vauxhall Motors, Ltd. 
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Courtesy of Incandescent Heat Co., Ltd. 


Fig. 27.-A gas carburising plant installed at the 
Northants Works of Peter Brotherhood, Ltd. 


quenched items, the quench tank being equipped with 
adequate circulation to produce satisfactory hardening 
figures with relatively dense loading. It should be noted 
that when the slot door opens for the removal of the 
trays from the crown wheel track, an efficient producer 
gas flame curtain automatically comes into operation, 
which has proved effective in use. 

This furnace has been found to be very “ tight ” and 
holds an internal pressure of 0-2-0-25 in. W.G., with a 
total input of 1,150 eu. ft. hr. of R.X. gas, and enrich- 
ment, including vestibule purges, amounting to approxi- 
mately 400 cu.ft. hr. R.X. (endothermic) gas fed into 
the furnace in the usual manner, i.e., enriched gas into 
the carburising zone only, unenriched R.X. to diffusion 
zone and vestibule purges. 


Courtesy of Birlec, Ltd, 


Fig. 28.— A sealed quench furnace for case-hardening and 
other treatments. 


The complete plant, comprising the two-track furnac: , 
automatic quench, washing machine, tempering furnac: , 

transfer rollers, trays and all hydraulic, electrical, tem. 

perature and safety controls, was supplied by British 

Furnaces, Ltd., as was the complete R.X. generating 

plant. It is noteworthy that two similar plants, in- 

stalled at the Dunstable Works of Vauxhall Motors, 

Ltd., are expected to be in production this month. 

The gas carburising plant shown in Fig. 27 has recently 
been installed at the works of Peter Brotherhood 
Ltd. This plant comprises a town’s gas-fired cell-type 
gas carburising furnace using the Lythanol system, two 
quench tanks, one cooling pot, one degreasing machine, 
control equipment and jigs. The furnace is 2 ft. 6 in. 
diameter and 3 ft. 6 in. deep ; its maximum fuel rate is 
5 therms/hr. ; the maintenance rate being 2} therms, hr. 
The cooling pot has similar dimensions, is refractory 
lined, and can be purged by connecting it to an endo- 
thermic gas generator. The lids for the furnace and the 
pot are operated by compressed air. The two quench 
tanks, one water and the other oil, each have 1,000 gal. 
capacity. The tempering furnace is designed on the 
same lines as the V.A.C. range, but is rather larger than 
the largest of these furnaces. Its size is determined by 
the jigs used in the carburising furnace which precedes 
it in the heat treatment cycle. This furnace tempers 
the carburised components at temperatures up to 
700° C., and its rating is 70 kW. 

For some time the pit-type of furnace has been 
regarded as standard equipment for gas carburising, but 
Birlec, Ltd., have recently developed a new horizontal 
sealed quench furnace which is expected to find wide 
application, particularly for direct quenching from the 
carburising furnace. The design provides for the with- 
drawal of the charge from the treatment chamber into 
a vestibule charged with the protective atmosphere, 
whence it is lowered directly into the quench tank. 
Complete with its endothermic gas plant, the new fur- 
nace is suitable for carbonitriding, gas carburising, 
bright hardening, clean normalising, and carbon restora- 
tion. It is available in sizes capable of treating charges 
of 200, 650 and 1,400 Ib., respectively. The unit shown 
in Fig. 28 is used for hardening vice jaws. 

Birlec, Ltd., have supplied a twin track continuous 
gas carburising furnace installation to the Ford Motor 
Co., Ltd., which includes a washing machine and a 
tempering furnace, together with a conveyor for carry- 
ing trays and work from the discharge end of the main 
furnace. The overall dimensions of the carburising 
furnace are 53 ft. long, 11 ft. 9 in. wide and 14 ft. high. 
It normally operates at 925°C., but has a maximum 
operating temperature of 1,000°C., and a maximum 
demand of 2,130 cu. ft./hr. of gas. Heating is by a 
system of gas-fired radiant tubes, divided into four 
zones, each having temperature control. To obtain the 
specified case depth of 0-04-0-05 in., the furnace is 
designed to work to a time cycle of 12 hours, giving an 
output of 530 Ib./hr. of components. Throughout the 
entire sequence only one manual operation is required : 
this is at the loading end, where it is necessary to move 
trays from the chain conveyor at the end of the temper- 
ing furnace, and to place them, after reloading, on to 
the furnace charge station. 

The rotary scroll retort type of gas carburising furnace 
(Fig. 29) has been designed and supplied for dealing with 
small components at temperatures up to 1,000°C. In 
this case the parts being treated are loaded into a charge 
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hopper from which they are fed automatically by 
adjustable scoop, in measured quantities, into the 
rotating retort. Ribs in the retort advance the parts 
through the furnace to the point of discharge, where a 
hinged flap door is fitted and retained in position prior 
to discharge by a spring loaded steel slipper. The 
heated parts drop into a sealed quench tank from which 
they are automatically extracted by an elevating con- 
veyor mechanism. The furnace is heated by gas and 
air blast burners which fire tangentially around the 
retort. Provision is made at the discharge end for the 
admittance of carburising gas. 

A harder case is obtained by means of the nitriding 
process, and the three pit-type nitriding furnaces shown 
in Fig. 30 have been in continuous operation several 
months. Each furnace has its own charge progress 
recorder and automatic temperature controller, all 
being mounted in a single cubicle, with switchgear of 
G.W.B. manufacture. Cooling bases are provided, and 
the nitriding control panel will be noted. 

Electric Resistance Furnace Co., Ltd., have supplied 


Courtesy of Brayshaw Furnaces & Tools, Ltd. 


Fig. 29.— Rotary scroll retort gas carburising furnace 
with conveyorised quench tank. 


a horizontal batch type carbo-nitriding furnace having 
a heating chamber 36 in. long, 24 in. wide and 15 in. 
high, in front of which is a purging chamber, with a 
built-in oil quench tank below and water jacketed cool- 
ing section above. The heating chamber is fired by 
eight gas-fired radiant tubes, four on each side, and the 
purging chamber is provided with a two deck quench 
elevator, permitting the load, after withdrawal from the 
heating chamber, to be lowered into the quench tank or 
raised into the slow cool section. 

Fig. 31 shows a horizontal batch type carburising 
furnace designed basically on similar lines to that in the 
previous paragraph, but it is the first supplied in this 
country to be fitted with the new Corrtherm element. 
This element is in the form of nickel-chromium alloy 
which covers practically the entire walls of the heating 
chamber. The element is suspended from hooks extend- 
ing through the roof. The corrugations give strength, 
greater length for greater resistance, and they can be 
spaced to vary the heat release along the length of the 
furn:ce and so compensate for door losses. The Corr- 
ther: element operates on 12 volts and, with such a low 
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Courtesy of Wild-Barfield Electric Furnaces, Ltd, 


Fig. 30.— Part of a nitriding plant, which comprises three 
pit-type furnaces with cooling bases and atmosphere 
control panel. 


voltage, leakage through carbon decomposition is pra*- 
tically impossible. With this type of furnace a metallic 
muffle or retort is unnecessary. 

Several shaker hearth furnaces have been installed, 
the type being especially useful for small components. A 
town’s gas fired furnace of this type has been supplied by 
Brayshaw Furnaces & Tools, Ltd., for bright hardening, 
bright annealing or gas carburising small parts in the 
temperature range of 650-1,000° C. Emphasis has been 
placed on clean design and appearance, all burner pipe- 
work and operating mechanism being completely 
enclosed. The reciprocating action of the shaker hearth 
is motivated by pneumatic cylinders, regulated by an 
electronic timing device which allows for a wide range 


of speed adjustment. 


Hardening and Tempering Furnaces 


A Birlee 45 kW. shaker hearth furnace for hardening 
forms part of the complete heat treatment installation 
for 30 mm. shells at the Aldridge works of the B.R.D. 


Courtesy of Electric Resistance Furnace Co., Ltd. 


Fig. 31.— The first carburising furnace installed in this 
country to be fitted with the new Corrtherm element. 


ig | 
3 
ch 
al. 
he 
an = 
en cul 
+ 
h- 
e8 
vn 
or 
a 
un Weybridge 
ng 
he 
is 
an 
ve 
to 
ce 
th 
In 
xe 
= 


Courtesy of Birlec, Lid, 

Fig. 32.--Charge end of 45 kW. shaker hearth furnace 

forming part of a complete heat treatment installation 
for 30 mm. shells. 


Company (Fig. 32). Two more furnaces of this type, 
used for the continuous hardening of spring clips and 
similar components, are shown in Fig. 33. The rating of 
each furnace is 30 kW. and its maximum operating 
temperature is 900° C.: protective atmosphere is pro- 
vided by a G.W.B. exothermic gas plant. Each hearth 
plate is mounted on suitable slides and propelled forward 
by springs which are placed under tension by a cam and 
follower mechanism as it moves the trays rearwards. 
A variable speed drive is incorporated to vary the 
number of oscillatory movements in a given time. Com- 
ponents are fed to the hearth tray from a loading hopper 
in each case. The furnace chambers are divided into 
two zones, each with its own temperature controller. 
The furnace illustrated in Fig. 34 has also been 
installed for treating small parts in bulk: in this 
instance it is used for austempering chain plates. The 
parts are progressed through the furnace at a tempera- 
ture of 830-850°C., at a rate of 100-140 Ib./hr., and 
quenched in salt, which is maintained at a temperature 
of 320°C. The advantage of austempering is the 


Courtesy of Wild-Barfield Electric Furnaces, Ltd. 


Fig. 33..-Two shaker hearth furnaces installed for the 
hardening of spring clips and similar components. 


increased tensile strength obtained for a given ductilit: , 
or, conversely, increase in ductility for a given tensi.e 
strength, and, in most cases, the tempering operation 
can be eliminated. In this installation, the time in t)« 
salt bath is maintained at 30 minutes and the hardness 
obtained is approximately 750 V.P.N., which is equal ‘o 
that normally obtained after the conventional oil 
hardening and tempering; the austempered parts, 
however, can be bent through an angle of 90° without 
fracture, showing therefore a ductility greatly in excess 
of that obtained on the conventional oil hardened work. 

The installation of two standard Allease furnaces has 
recently been completed at the Luton Works of Vauxhall 
Motors, Ltd. These furnaces are a combined assembly 
of a radiant tube fired heating chamber, equipped with 
roller tracks, and having effective dimensions 3 ft. long, 
2 ft. wide and | ft. 6 in. high. The capacity of the 
furnace (Fig. 35) varies with the temperature of treat- 
ment from 900 Ib. gross at 800° C. to 500 Ib. gross at 
950° C., although much depends on the type of work and 


Courtesy of Electric Resistance Furnace Co., Ltd. 


Fig. 34._-Shaker hearth furnace equipped with salt bath 
quench for the austempering of chain plates. 


the permissible density of loading. The front of the 
furnace is sealed on to a vestibule, covering an Elevator- 
Lowerator mechanism, built over a 900 gal. oil quench 
tank, which is equipped with a large capacity circulating 
unit, to ensure uniform and effective quenching of dense 
loads. Provision can also be made for immersion tube 
heating of the quench oil when hot oil quenching is 
desirable. 

The rapid circulation of the atmosphere within the 
heating chamber is now recognised as a useful means of 
obtaining uniformity of temperature, this is particularly 
important when dealing with the precipitation and 
solution treatment of the light alloys. A cubicle type of 
furnace being successfully applied to this type of heat 
treatment is shown in Fig. 36. J.L.S. Engineering Co., 
Ltd., have also developed an air-circulating top-loading 
batch-type furnace for the solution treatment of light 
alloys, for which temperature uniformity throughout 
the working space of + 1° C. at 520°C. is claimed. The 
ease and rapidity with which the door can be opened 
facilitates quenching in a matter of seconds. 

Fig. 37 illustrates a Brayshaw electrically heated eit 
circulating furnace for heat treatments in the ranve 
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Courtesy of British Furnaces, Ltd. 


Fig. 35.—Allcase radiant tube fired furnaces installed 
at Vauxhall Motors, Ltd. 


100-650° C. It has a working chamber 4 ft. 6 in. wide, 
2 ft. 6 in. high and 5 ft. long, with a loading capacity of 
3ewt. It is provided with a travelling hoist track with 
jib arrangement to facilitate the charging and discharging 
of parts for treatment which are loaded into the furnace 
ina work basket. The roof of the furnace is of the lift-off 


type to allow access to the heating elements which are 


arranged across the top of the furnace chamber arch in 
three banks. 

Pit-type furnaces, similar to that shown in Fig. 38, 
designed for the full range of heat treatments up to 
solution treatment on extruded aluminium alloy sec- 
tions, have been installed in one of the leading alu- 
minium works in the South Wales area. The furnace 
illustrated has a working diameter of 4 ft. 6 in. and a 
working depth of 10 ft. Electric heating is used, but the 
heater battery is remotely situated from the working 


Courtesy of Brayshaw Furnaces & Tools, Ltd. 
‘7.—Air recirculation furnace for the heat treatment 
it alloys and for tempering in the range of 100 to 
650° C. 


Fig 
of | 


Courtesy of J.L.S. Engineering Co., Ltd. 


rie. 36.—Cubicle type of furnace for the precipitation 
treatment of aluminium alloys. 


chamber, the only vehicle of heat to the furnace being 
the circulating air, introduced by a large volume centri- 
fugal-type fan having a known pressure/volume charac- 
teristic. The measured temperature difference over the 
whole of the effective working space is within very low 
limits. A quench tank, of similar dimensions to the 
furnace, will be noted in the illustration ; transfer of 


Courtesy of Stordy Engineering, Ltd. 
Fig. 38.—Pit-type furnace, with quenching tank, for 
solution treatment of aluminium alloy extruded 
ons. 
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Courtesy of Metalectric Purnaces, Ltd, 
Fig. 39.--Double deck furnace installed at the works of 


The Ford Motor Co., Ltd., for the automatic treatment of 
axle shafts. 


the load from the furnace to the quench tank is by over- 
head crane. 

Fig. 39 shows the discharge end of a double deck 
furnace for the hardening and tempering of axle shafts, 
installed at the Ford Motor Co., Ltd. It is designed for 
automatic operation, hardening the shafts in the upper 


Courtesy of G.W.B. Furnaces, Ltd, 


Fig. 40. Rotating tube pusher furnace, with vertical con- 


veyor unit, for hardening cylindrical components. 


half and tempering in the lower. The shafts are pushe | 
through on nickel-chromium pusher shoes, after bein : 
charged into the upper deck, and travel through the 
hardening chamber, then out and down to the lower 
deck and through the tempering furnace to the front 
end, where they are discharged. The hardening chamber 
is rated at 220 kW., and the tempering chamber at 
150 kW., and each is 20 ft. long with a usable width 
of 4 ft. The unit has specially designed variable speed 
controls in order to handle ten different sizes of axles, 
its maximum output being about 124 axles per hour. 
The whole sequence of operations is completely con- 
trolled by a master switch, and is so designed that one 
man only is required. 

The special purpose hardening and tempering furnaces, 
shown in Fig. 40, were supplied to an R.O.F., the design 
being determined by the limited floor space available. 
The charge comprises cylindrical steel components, each 
weighing up to 30 lb. and having a length of up to 
15} in. : these require to be heated to 900° C., quenched 
and tempered. The hardening furnace is of the rotating- 
tube pusher-feed type, and the components are pushed 
individually into one of the 20 tubes fixed to a central 
rotating shaft, from which they are discharged at the 
far end. The shaft then rotates, bringing the next tube 
up into position for a repetition of the cycle. The oil 
quench is mechanically operated, and is of the rotating 
type, which enables the required metallurgical charac- 
teristics to be obtained. The tempering furnace is a 
vertical conveyor unit in which the components are 
carried in swivel-mounted baskets slung between chains 
running over driven sprockets. Discharge is effected 
automatically so that further processing can be carried 
out in continuous testing tanks if required. As evidence 
of the small floor space required by these furnace designs, 
the hardening unit takes up an area 8 ft. by 8 ft. and the 
tempering furnace 6 ft. by 5 ft. 


Salt Bath Furnaces 


The design of plant using activated cyanide salts for 
carburising, or cyanide carbonate baths for surface 
hardening, continues the trend of recent years, employing 
in-line arrangement of furnace and quench tanks under 
a runway and common canopy. In one installation used 


Courtesy of Imperial Chemical Industries, Ltd. 


Fig. 41.—-A fully mechanised Cassel plant for austempering 
garden forks, spades and shovels. 
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Courtesy of Imperial Chemical Industries, Ltd. 


Fig. 42.—An electrically heated salt bath furnace for 


temperatures up to 1,000° C 


for carburising gears, shafts and rings, two Cassel 15 by 
36 in. gas-fired salt bath furnaces are installed in a pit. 
Salt pots and preheaters are included in one rectangular 
shaped casing, allowing furnaces, cooling chambers and 
quench tanks to abut, thus simplifying installation. 

A fully mechanised Cassel plant constructed for 
austempering garden and agricultural forks, spades and 
shovels is shown in Fig. 41. On account of the high 


production required, a three-step procedure was adopted 
for heating for austenitising, including air preheat to 
300° C. and salt preheat to 550-600° C., prior to austeni- 


tising in salt at 860°C. The parts are then quenched 
and transformed in a molten salt bath at 280° C., water 
quenched, and washed. Handling through each stage 


Courtesy of Imperial Chemical Industries, Ltd. 
Fig. 43.—A new design of gas-fired salt bath 
furn .ce employing pre-heated air and non-aerated 
burners. 


is completely automatic, being effected by means of a 
conveyor chain and automatically timed swinging arms. 

Salt bath furnaces heated internally by immersed 
electrodes are being increasingly favoured for neutral 
salts (non-cyanide) and for carburising salts. With 
neutral salts, ceramic linings are employed instead of 
metal pots, resulting in longer life between shutdowns 
and correspondingly lower maintenance costs. Internal 
heating with electrodes permits larger sized furnaces to 
be constructed for use with carburising salts than is 
possible with externally fired pots. These larger elec- 
trode furnaces take correspondingly larger charges at 
reduced running costs. An electrode-heated furnace 
now in use at temperatures up to 1,000° C. is shown in 
Fig. 42. 

A new design of externally fuel-fired salt bath furnace 
is shown in Fig. 43. This is a gas-fired natural-draught 
furnace employing preheated air and non-aerated 
burners, yet has a heating and recovery rate equalling 
the more conventional designs fitted with a fan to supply 
low pressure air to the burners. This new design is 
available in three pot sizes. It is noteworthy that 32 of 
these furnaces have already been installed, and users 
value their noiseless operation. 

The town’s gas fired salt bath furnace shown in Fig. 44 
has been installed by a leading aircraft manufacturer to 
cover the wide range of heat treatment processes neces- 
sary for aluminium alloy components. This salt bath, 
which is probably the largest of its type in Europe, has 
internal dimensions of 20 ft. long, 6 ft. wide and 10 ft. 
deep. The bath is constructed of special low carbon, 
low silicon steel plates, 2 in. thick. The salt capacity is 
approximately 60-65 tons, according to working level. 
The furnace is designed to operate in a temperature 
range between 350 and 500°C., and is provided with 
fully automatic temperature control in three zones. 


General Utility Furnaces 


Many of the installations referred to in the foregoing 
notes, particularly the batch furnaces, are suitable for 
quite a range of heat treatment processes, and could be 
included in this category of general utility furnaces, but 
mention may be made here of a batch-type furnace (Fig. 
45) which has been supplied to a large steel works in 
Holland. It is used for annealing, hardening and 


Courtesy of Incandescent Heat Co., Ltd. 


Fig. 44.—A town’s gas-fired salt bath for aluminium alloy 


treatment. 


| 
in > 
the 
ed ia) 
— 
ow 
to 
ed 
ed 
ral : 
he 
be Ps 
oil 
ng 
a 
ire 
ns 
ed 
ed 
ce 
18, 
he 
or 
ce 
ng 
er 
‘ 
id. 
Ji 18, 1 957 289 


Courtesy of G.W.B. Furnaces, Ltd, 


Fig. 45.—-Multi-purpose batch furnace for hardening, 
tempering and annealing steel bars. 


tempering of carbon and low-alloy steel bars up to 
21 ft. long and in diameters varying from } to 6 in. 
The maximum charge weight is 5 tons, and loading is 
effected by means of a Gibbons-Van Marle charging 
machine. The furnace has a rating of 400 kW., arranged 
in three automatically controlled zones, but this can be 
reduced automatically to 200 kW. during soaking 
periods in the higher temperature ranges, or for working 
at the lower temperatures. Three heat resisting steel 
air circulating fans are fitted in the roof of the heating 
chamber, and these are normally in operation at tem- 
peratures up to approximately 700° C., at which point 
they are automatically switched over to a lower speed, 
by means of a thermal relay. Low speed is used to 
reduce excessive torque action at the higher tempera- 
tures at which the fans are required. Comprehensive 
tests were carried out in Holland before final acceptance, 
and it was found that the power required to bring a 
5-ton charge up to temperature in four hours, when 
placed in the furnace running at 850° C., amounted to 
920 kW., equivalent to 184 kWh. ton. 

For the continuous heat treatment of small com- 
ponents, such as bolts, rivets, smail forgings, ete., an 
interesting mechanism has been designed by Fuel 
Furnaces, Ltd. The equipment is referred to as a 
tilting pan automatic heat treatment furnace. As will 
be noted in Fig. 46, progression of the charge through the 
furnace is by way of a series of nickel-chromium work 


mane re’ 


pans, which remain inside the heating chamber. Chai :. 
ing from a work hopper via a transfer pan is automat ¢, 
and each work pan, after being charged, transfers ts 
charge to the next pan, and the process is continuo ‘s, 
the final pan tipping the charge through a chute, eit) ver 
to a quench tank or to a cooling conveyor, according to 
the type of process being performed. Each work par. is 
arranged to tip its charge as part of a pre-arranged 
heating cycle for the work being treated. This type of 
furnace has several advantages, some of which may be 
mentioned here. Once the initial temperature of the 
furnace is reached, all the fuel consumed is available for 
heating useful work, none is required for heating work 
pans, conveyors, etc. The frequent turning over of 
components reduces the need for long soaking and 
assists uniformity of heat penetration. Bulk storage 
hoppers are designed to contain enough stock to keep 
the plant running for several hours without attention, 
effecting considerable economy in labour. The life of 
the work pans is extended because they are not handled 
and they remain constantly heated in service ; this also 
contributes to economy. Thus the combination of fuel 
economy, derived from heating only useful work in an 
efficient furnace, with negligible labour costs because of 
the fully automatic nature of the plant, produces a heat 
treatment machine of some attraction. 


Miscellaneous Furnaces 

Several furnaces have been supplied especially for 
dealing with titanium in various forms. In connection 
with I.C.I.’s scheme at Waunarlwydd, South Wales, for 
instance, Birlec, Ltd., have provided two 320 kW. twin- 
chambered batch furnaces for preheating titanium 
sheets for the rolling mill. Internally each furnace 
chamber is 13 ft. long and 5 ft. wide, with a door opening 
of 1 ft. The furnaces, which are capable of operating 
continuously up to 1,150° C., give an average output of 
approximately | ton /hr. 

McDonald Furnaces, Ltd., have recently installed a 
titanium heat treatment furnace at the Preston works 
of The English Electric Co., Ltd., embodying special 
design features to ensure accurate time /temperature 
control over a working range of 300—950° C., in accord- 
ance with the stringent requirements of this commercially 
new and expensive material. The furnace, accommo- 
dating a 15 ewt. charge, is electrically heated with 
hairpin-type coiled resistance elements arranged in 
three separately controlled transverse zones, which may 
be individually isolated to suit predetermined tempera- 
ture cycles. For operating up to 700° C., forced con- 
vection heating is effected by centrifugal fans positioned 
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Fig. 46.—Tilting pan automatic heat treatment furnace. 


Courtesy of Fuel Furnaces, Le'. 
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Courtesy of Sintering & Brazing Furnaces, Ltd. 


Fig. 47.-Mesh belt conveyor type humped-back furnace 
for sintering bronze and brass. 


at the rear of the heating chamber, operating in con- 
junction with removable heat resisting side plate 
castings, fitted with idler rollers, which serve the dual 
purpose of directing the heat flow and supporting the 
fabricated shelving on which the charge is placed. 
When operating between 700 and 950°C., orthodox 
direct heating is employed. The stationary fan units 
at this higher temperature range are adequately pro- 
tected from radiant heat due to their construction and 
housing in the furnace brickwork. 

Several of the furnaces mentioned in this survey are 


applicable for use as brazing furnaces, and a number 


have been installed especially for this process. For 
instance, the Electric Resistance Furnace Co., Ltd., 
have installed a continuous roller hearth furnace at the 
works of Serek Radiators, Ltd., for copper and silver 
brazing of cooler assemblies and radiator parts. It is 
continuously driven and operates at temperatures up to 
1,150° C. The hearth is 18 in. wide by 10 in. high, with 
aheating length of 9 ft. The furnace is rated at 140 kW. 
and its temperature is controlled in two zones. Con- 
trolied atmosphere is supplied from an Efco exothermic 
generator operating on town’s gas. 

Sintering & Brazing Furnaces, Ltd., have supplied 
several furnaces for sintering and brazing, of which 
mention may be made of a mesh-belt conveyor-type 
humped-back sintering furnace for bronze and brass 
sintering (Fig. 47) having a heating chamber 12} in. 
wide and 4 in. high. The maximum temperature is 
950° C.. but heating is arranged in two zones so that 
preheating up to 600°C. can be effected before the 
work proceeds to the higher temperature zone. An 
interest'ng feature is a rear water cooled door fitted 
with tc..zhened glass window for inspection of the work 
passing through the furnace. All the main zones are 
fitted » th low voltage elements, power being supplied 
throug! oil cooled transformers, and the furnace is 
equipp: | with an automatic temperature controller and 
records 
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‘what similar design of furnace has been supplied 
ring, in which the maximum temperature is 
but the main zones are fitted with silicon 
hearth plates and the heating chamber is 
vith hydrogen at the rate of 60 cu. ft./hr., after 
roughly purged. 
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Courtesy of The General Electric Ltd, 


Fig. 48.—Continuous pusher furnace for pre-sintering 
tungsten carbide tool tips. 


A new furnace has been installed in the Speedicut 
Works of Firth Brown Tools, Ltd., for pre-sintering 
tungsten carbide tool tips (Fig. 48). The complete 
furnace, with its controls, switchgear and transformers, 
has been built as a single unit encased in polished 
stainless steel to give a clean and pleasing appearance. 
The pre-sintering process uses a hydrogen atmosphere, 
and the furnace is fitted with a stainless steel gas-tight 
muffle throughout its length of over 18 ft. This length 
is made up of the heating and cooling chambers, and the 
entrance and exit zones. The mouth of the muffle is 
81 in. wide and 3 in. high. In the heated length of 
8 ft. 6 in., the nickel-chromium elements are arranged 
in three zones of equal length, each with its own indepen- 
dent and automatic temperature control and recording 
gear. The zoning allows a suitable temperature gradient 
to be set up and maintained through the furnace to 
avoid too fast an initial heating rate, which might cause 
distortion of the product. The cooling chamber is 
designed to reduce the temperature of the charges 
sufficiently for them to be handled on reaching the 
unloading door. The chamber is 7 ft. long and water- 
jacketed over most of its length. The charge, in 
graphite boats, is progressed through the furnace by 
pusher gear: the pusher arm moves forward at speeds 
between } in. and | in. per minute, and when the arm 
nears the limit of its travel, an audio signal warns the 
operator that the charge is ready for removal and a new 
one can be inserted. This furnace has a maximum 
rating of 65 kW. and provides temperatures up to 
1,000°C. 

For hard metal sintering, a special high temperature 
furnace has been designed for temperatures up to 
1,600° C., (Fig. 49). The heatinge hamber is arranged for 
preheating prior to the work going into the high tem- 
perature zone. In this case the heating elements are of 
molybdenum, and the electrical supply is fed via an 
isolation switch to air- or oil-cooled transformers. The 
voltage of the secondary windings, which feed the 
molybdenum wound heater elements, is variable, from 
10V. upwards, by means of coarse and fine voltage 
tapping switches set in front of the control panel. The 
furnace is equipped with temperature controllers and, 
upon reaching a desired temperature, a degree of pro- 
portional control is attained by the voltage of the 
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Courtesy of Sintering & Brazing Furnaces, Ltd. 


Fig. 49._-_Molybdenum wound furnace for sintering hard 
metals. 


secondary feed to the heater elements being switched 
automatically to a lower tapping. 


Induction Heating 

During the past year, a number of installations have 
been supplied involving the use of induction heating. 
This form of heating has been applied for the heating of 
cold stock prior to working, for case-hardening treat- 
ments, and for brazing. An installation for hardening 
half shafts to improve the physical properties, for 
instance, is shown in Fig. 50. With this equipment, steel! 
shafts in the En 8 range are hardened to a depth of 
{-]} in., a treatment which gives the shafts a life equal 
to, or better, than was formerly obtained with the 
higher alloy steel shafts previously used. 

A further notable example of automation, using the 
high frequency induction heating technique, is a crank- 
shaft hardening machine recently commissioned. This 
Efeo machine hardens all main journals on a four- 
cylinder crankshaft with a single handling. The sole 
duty of the operator is to load the crankshaft into the 


Courtesy of Electric Furnace Co., Ltd. 


Fig. 50. -Two-position axleshaft station with front door 
fully open for inspection. 


machine. From then on, the four main journals are 
heated and quenched in sequence, and the shafts fiially 
discharged at the other end of the machine. During this 
sequence a second crankshaft is loaded ready to pass 
through the machine as soon as the first one is discharged, 

For general production work on a variety of shafts, 
and for progressive hardening, Electric Furnace (Co., 
Ltd., are now supplying a British-built Toccotrol unit 
in two sizes, with 18 in. (Fig. 51) and 30 in. strokes, 
respectively. This unit has achieved wide popularity in 
the United States: it can be used for a variety of 
applications, including continuous hardening and local 
hardening of shafts. With suitable adaptors it can be 
used for end hardening and other single shot applications. 

After considerable investigation Efco have achieved 
the successful hardening of cast iron lathe bed slideways 
by a continuous induction process. The work has been 
carried out by the Heat Treatment Division of Electric 


Courtesy of Electric Furnace Co., Ltd. 


Fig. 51.—-18-in. stroke Efco-Toccotrol fixture. 


Furnace Co., Ltd., at Burton-on-Trent, where, during 
the past six months, lathe beds at the rate of thirty or 
more per week have been hardened. 

A new general purpose induction hardening machine 
has been developed by Birlec, Ltd. This machine (Fig. 
52) enables the advantages of the process to be applied 
to various batches of work by permitting rapid, simple 
interchange of inductors and work fixtures. With this 
unit, re-tooling can be carried out as simply as on 4 
turret lathe, as a result of the machine’s practical 
features. These include a four-sided, rotatable work 
support head which can carry four different work 
holders, any of which may be brought into action 
instantly, and a quick acting contact attachment that 
permits heating inductors to be changed rapidly and 


easily. 
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Courtesy of Birlec, Ltd. 


Fig. 52.—General purpose induction]hardening machine 


The induction heating unit shown in Fig. 53 is 
installed at the works of Turley Sheet Metal Products, 
Ltd. This Company make a well-known pump oilcan, 
and the operation the unit was designed to perform is 
the soldering of the curved spout and screw-on lid. Six 


Courtesy of Metalectric Furnaces, Ltd. 


Fig. 53.Induction heating unit used for soldering at 
Turley Sheet Metal Products, Ltd. 


skilled solderers were employed formerly doing this work 
manually. Now this induction unit and one operator 
handles the whole output. 

Metalectric Furnaces, Ltd., have supplied a machine 
to Fisher & Ludlow, Ltd., for induction brazing car 
petrol tanks. In the complete plant there are two units, 
one rated at 10 kW. and the other at 5 kW. The whole 
equipment, which is fully mechanised, produces one 
fully brazed tank every 20 seconds. It is operated by 
two women, the cycle of operations being under the 
control of sequence timers. 


Lead Melting for Cable Making 


Temperature-Controlled Furnace 


EAD is an interesting metal whose properties with 
regard to resistance to corrosion, ease of extrusion 
at low temperatures, and flexibility, make it 

particularly suitable for sheathing electric cables (Fig. 1). 
In the early days of the cable-making process, unalloyed 
or virgin lead was used for this purpose but, while pure 
lead has better extrusion properties, lead alloys are now 
more frequently used. 

For the melting of both pure lead and lead alloys, the 
Monometer Manufacturing Co., Ltd., have developed an 
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Courtesy of British Insulated Callender’s Cables, Ltd. 


Fig. |} —Cross section of British Insulated Callender 
lead-sheathed oil-filled cable. 


interesting series of furnaces, with automatic tempera- 
ture control and safety features. The capacities range 
from | to 5 tons, and Fig. 2 shows one of them feeding 


2.—Monometer lead-melting furnace 
Pirelli cable-sheathing press. 
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F Thermocouple 

G Feed valve to press 
H_ Drain valve 

Pilot light J Vortex mixer drive 


Motorised valve 
Diaphragm valve 
By-pass gas valve 


Flame electrode K Melting pot 
L Natural draught burners 


Fig. 3.-Sectional view of Monometer furnace. 


metal to a Pirelli cable-sheathing press. The require- 
ments of this and other lead-pressing processes are met 
by a number of special features. Oxidation during 
melting is practically prevented by conducting the 
operation under the protection of the anti-oxidation 
hood, which is fitted with useful anti-splash loading 
doors, Furthermore, the container of the adjacent lead 
press is fed, via the valve outlet of the furnace, with 
metal from the bottom of the melting pot. This system 
not only permits close control of the amount of metal 
fed, but also ensures that this metal is not in any way 
exposed to oxidation, which would render the extrusion 
of a high quality sheath difficult. This valve is situated 
outside the furnace casing in order to avoid any possi- 
bility of overheating. The melting pot is also provided 
with a drain valve at a lower level, which serves for 
removing any accumulation of foreign matter and for 
the rapid emptying of the pot preparatory to changing 
the metal or alloy. For the melting of antimonial lead 
or similar alloys, a power-operated Vortex stirring gear is 
fitted, the action of which can be seen from the sectional 


view, Fig. 3. 

Heating is usually effected either by Venturi-bunsen 
burners, operating on town gas or Selas gas at normal 
mains pressure without any air blast, or, alternatively 
by fuel oil. Tae furnace is protected against explosion 
hazard resulting from the accumulation of unburnt 
gases which would follow any failure in the gas supply 
by means of a flame protective system based on the 
electrical conductivity of the flame. When two elec- 
trodes are arranged so that the gas flame impinges upon 
them, an electric circuit is completed as long as the 


flame is maintained, but if the flame should fail ; 
electrone current between the electrodes and ear 4 
operates a relay, which, in turn, operates a solen: | 
valve shutting off the gas supply to both burners a: 
pilot light. Should this happen, the ignition cycle js 
re-started by means of a push button. 

The temperature of the metal in this type of Mo:.o- 
meter furnace is under automatic control by means 0; a 
Capacitrol electronic indicating controller. The primary 
sensing element is a thermocouple, and as the pointer of 
the controller approaches the pre-set temperature, its 
movement interrupts an oscillating circuit, thereby 
effecting the necessary relay action, which damps off ‘he 
motorised valve controlling the gas supply to the 
burners, so that the temperature of the melt can be 
controlled to any desired setting within 45° F. By this 
means, fuel consumption is reduced to a minimum under 
all working conditions. 


Birlec Mazak Melting Plant Orders 


In connection with the expansion of its new flowline 
system, details of which were given in a recent article, 
the Wolverhampton Diecasting Co., Ltd., has placed 
orders with Birlec, Ltd., for further Birlee Tama equip- 
ment to be used with a battery of 21 in. diecasting 
machines. The equipment includes a 60 kW. Birlec 
Tama mains frequency induction furnace with a capacity 
of 1,670—1,740 Ib. and a melting rate of 1,200-—1,350 Ib. 
of Mazak III per hour, five 20 kW. holding furnaces of 
2,900-3,000 Ib. capacity, five launders 11 ft. 84 in. long 
and one launder 5 ft. 24 in. long. 

The furnaces are all of the stationary type and will be 
supplied complete with control cukicles housing electrical 
equipment suitable for operating from a 50 cs. 400 440 
volt supply. Power input to the furnaces is controlled 
to prevent the metal becoming heated above a pre- 
determined level. The life of the rammed refractory 
lining is expected to be approximately one-and-a-half 
to two years in this type of application, and as no 
melting pots are required, iron pick-up is eliminated and 
dross formation is negligible. 

The launders, designed to transfer molten Mazak from 
the melting furnace to the holding units, are provided 
with resistance heaters that are capable of melting the 
metal from cold in the event of a power failure. This 
Birlee equipment has proved very successful in practice ; 
that already installed is operating to the complete 
satisfaction of the Wolverhampton Diecasting Company, 
with far greater furnace efficiencies than were predicted. 
The layout is extremely cool and clean, and melting 


losses are as low as 0-3-0-4°%. 

Birlee equipment for melting and holding Mazak has 
also been ordered by AC-Delco of Dunstable. The order 
is for two Birlee Tama furnaces, each rated at 35 kW., 
with a nominal capacity of about 800 Ib., to melt the 
alloy at approximately 600 Ib. per hour. The furnaces 
will be supplied with hydraulic tilting gear for lip axis 
pouring and with automatic temperature control. 


British OxyYGEN Gases, are to build a new oxygen 
compressing station at Mosley Road, Stretford, to meet 
the increased demands for the gas in the Manchester 
area. The building, which will include office facilities, 
will be erected by British Oxygen Engineering, Ltd., 
and is expected to cost £43,000. 
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Nickel Progress 
Institute of Metals Presidential Address 


In his recent Presidential Address to the Institute of Metals, Dr. L. B. Pfeil, O.B.E., 


F.RS., a director of the Mond Nickel Company, outlined some of the stages in the progress 

of the nickel industry which he had found of special interest. The address, of which u 

slightly abridged version is presented here, was divided into three main sections dealing, 
respectively, with prospecting, extraction and applications. 


the metal nickel, with the major developed ore 

deposits lying in the Sudbury area of Ontario. 
Here the nickel occurs as sulphide, as also does copper, 
each to the extent of roughly 1°, in the ore mined. 
Essentially, the treatment of the ore consists of crushing 
and grinding, differential froth flotation of the sulphide, 
smelting the nickel-rich concentrate to give a nickel 
sulphide matte containing some copper sulphide, separat- 
ing the nickel sulphide from the copper sulphide, convert- 
ing the nickel sulphide to oxide and, finally, refining to 
give electrolytic nickel or Mond pellet nickel. 


\ 8 is well-known, Canada is the principal source of 


Prospecting for Nickel 


Nickel sulphide (pentlandite) commonly occurs in 
association with much larger proportions of iron sulphide 
(pyrrhotite). Pyrrhotite is magnetic, and this property 
has played a significant part in recent years in facilitating 
the search for new ore-bodies, because a large mass of 
magnetic iron sulphide, even at a considerable depth in 
the earth’s crust, can influence the instrument known as 
the magnetometer. 

In so vast a country as Canada, prospecting by teams 
of men on the ground is slow and costly in labour. The 
introduction and development of airborne geophysical 
exploration by magnetometer inspection, followed by the 
use of airborne electro-magnetic gear, which records data 
on the electrical conductivity of rock formations, are of 
particular interest, in that these procedures have brought 
about a major change in the speed and cost of prospecting. 
An aircraft carrying recording geophysical instruments, 
together with a synchronised cine-camera, is flown at a 
low height across the territory along paths about half a 
mile apart. In some circumstances, for example, when 
flying over water, radar may be used so that the location 
of magnetic and other anomalies can be accurately 
plotted. The records obtained are studied and areas of 
possible interest are delineated on the map. Subse- 
quently, prospecting teams on the ground investigate the 
selected areas, by diamond drilling and the like. 

_ To provide some quantitative indication of the 
‘mportince of airborne prospecting, figures may be 
{uoted for the work carried out by The International 
Nickel (ompany of Canada. It has been reported that, 
in a sir cle year, 24,000 miles were flown and, during the 
past I’ vears, nearly £1,000,000 was expended by the 
Compe iy on airborne exploration. This, of course, is 


only « part of the story, for in this same period the 
Compa: spent a total of more than £10,000,000 on 
explor: ion for new nickel deposits. 

The «ctection of anomalies is a far cry from finding 
nickel or, indeed, from demonstrating that anything 


of valu is in the offing. Experience proves, however, 


that exploration for nickel in the region of certain types 
of anomaly is much more likely to be successful than 
elsewhere. 

A year or two ago it was announced that a zinc-silver- 
copper mine was under development in the Bathurst- 
Newcastle area of New Brunswick, and that a 25% 
interest in the mine had been received by The Interna- 
tional Nickel Company of Canada in return for the 
geophysical work that had initiated the mine develop- 
ment. Less than a year ago, ore reserves in this mine 
were reported to be 7,000,000 tons, with a combined 
lead-zine-copper content of 10°, and a valuable silver 
content. 

A more recent and more spectacular success, following 
airborne geophysical prospecting and other forms of 
exploration, isan 80-miles long by 5-miles wide mineralised 
area located in Northern Manitoba, some 400 miles north 
of Winnipeg and centred in an area of some 150,000 
square miles almost devoid of industry. Bearing in mind 
that access to this area—Mystery and Moak Lakes—has 
been possible in summer only by air, and that heavy 
equipment has so far been transported only in winter 
over the snow, the contribution of airborne exploration 
can be appreciated. Some £4,000,000 has been expended 
in exploring the Mystery/Moak area but, by the time 
nickel is commercially available from the mine, in 1960, 
the outlay will exceed £50,000,000. 


Extraction Metallurgy 


The major nickel deposits currently being mined in 
the Sudbury area are substantially lower in grade than 
the ore mined prior to the war. It will, therefore, be 
appreciated that the costs of mining must be kept low. 
This is scarcely the occasion to describe the research and 
development work that has been successfully applied by 
Inco to this end. Suffice it to say that economies in 
mining practice, such as the panel-caving which provides 
10,000 tons of ore per day from the Creighton mine, have 
played an important part‘in the prosperity of the nickel 
industry. 


Froth Flotation 


In concentrating these low-grade nickel ores, froth 
flotation plays a vital role. For more than 50 years it 
has been known that, when finely-ground ore is suspended 
in aerated water, some minerals are readily wetted and 
sink, while others, being air-avid, will adhere to air 
bubbles and be carried to the surface. In recent years, 
much research has been carried out bearing on this 
phenomenon: for example, studies of ‘‘ promoters,” 
which alter the wettability of the mineral particles. 
Again, research has been active on frothing agents, which 
help the formation of stable air bubbles of the desired 
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size, while numerous other variables have received 
attention, such as acidity, temperature, particle size and 
surface texture of the minerals. 

Such research and development has made it practic- 
able and economical to separate the finely-ground 
Sudbury ore into four fractions: (a) a nickel-sulphide- 
rich concentrate, (4) a copper-sulphide-rich concentrate, 
(c) an iron-sulphide-rich concentrate, and (d) waste rock 

of no value. Discarding the rock waste at an early 
stage and sending the bulk of the iron to a separate 
circuit not only greatly reduce the weight of material to 
be smelted, with a saving in cost and increase in useful 
smelter capacity, but have led to the marketing of a 
premium grade of iron ore made from the iron sulphide, 
which iron was formerly converted into slag and dumped. 


Separation of Copper and Nickel 

It is not practicable, by the differential froth-flotation 
of Sudbury nickel-copper ores, to obtain nickel sulphide 
completely free from copper, and the more complete 
separation of these two metals is an essential further step. 
The classical treatment for the separation of nickel 
sulphide from copper sulphide is that known as the 
Ortord process, in which the first step is smelting to 
produce a molten nickel-copper-sodium-sulphide matte. 
Such a matte separates, on cooling, into two layers—the 
upper layer consisting of copper-sodium-sulphide and 
the bottom layer of nickel sulphide. To obtain nickel 
substantially free from copper, the separation process has 
to be repeated, thus rendering the treatment complicated 
and expensive. 

In the Copper Cliff smelter of the International Nickel 
Company, the Orford process has been replaced by the 
so-called controlled-cooling process, which is a major 
improvement in smelter practice. The fundamental 
background of the process is exhibited by the nickel- 
copper-sulphur ternary equilibrium diagram, which 
demonstrates that, on slow cooling a nickel-copper matte, 
three separate phases can be obtained. 

In the compositions of present interest, the first solid 
to separate from the molten material is copper sulphide 
(Cu,S), then actual metal crystallises in the form of an 
alloy about 80°, nickel and 20°, copper, and finally a 
nickel sulphide (Ni,S,), containing some copper in solu- 
tion, solidifies. On further cooling the a-Ni,S, changes to 
the 8 form, with the rejection of dissolved copper. 

Given very slow cooling, the primary copper sulphide 
forms in large crystallites; the metallic particles are 
coarse, and the copper rejected by the transformed nickel 
sulphide joins the primary copper-sulphide crystallites. 
Such a slowly solidified mass may be comminuted and 
the metallic fraction can be extracted by a magnetic 
separator. As a bonus, precious metals, platinum, gold, 
ete., join the metallic portion, which may be less than 
20°, of the whole, and are thus readily amenable to early 

recovery. 

By employing froth-flotation the nickel and copper 
sulphides can readily be separated with a mutual con- 
tamination not exceeding 1°, and its introduction, and 
the elimination of the Orford separation, can fairly be 
described as a milestone in the progress of the nickel 
industry. 


Recent Changes at Copper Cliff 

The refining of nickel in the Sudbury ores cannot be 
dissociated from the refining of copper, since these two 
metals occur in about equal quantities. An interesting 


innovation in recent years has been the oxygen fle sh- 
smelting of the copper-sulphide concentrate. The -ul- 
phide is treated as if it were pulverised coal and is bli wn 
into the furnace with oxygen and flux. The burnin: of 
the iron and sulphur in the concentrate provides suffic ent 
heat to give a molten copper-sulphide matte and an iron- 
rich slag. Apart from the saving of fuel, this process 
yields a gas so rich that liquid sulphur dioxide can readily 
be condensed out, and this product is of great value in 
the important Canadian paper pulp industry. The 
magnitude of this flash-smelting operation may be judged 
from the fact that more than 100,000 tons of oxygen and 
70,000 tons of liquid sulphur dioxide are produced 
annually, with a saving of 60,000 tons of coal. 

The most recent change in Copper Cliff refining prac- 
tice has been the setting up of a separate circuit for the 
iron-rich flotation concentrate. The treatment is de- 
signed not only to produce a high-grade iron ore for steel- 
makers, but to recover the nickel values in the iron 
sulphide. The iron sulphide is fluid-bed roasted to oxide ; 
air is blown up through a bed of the hot sulphide so that 
no mechanical stirring or raking devices are required. 
The finely-divided oxidised material is carried away by 
the gas stream, collected in a cyclone, and then fed into 
a reduction kiln, where conditions are so adjusted that 
nickel (but only a little iron) is reduced. Then follows an 
atmospheric ammonia-leaching treatment whereby the 
nickel is dissolved, to be recovered later as nickel car- 
bonate. Finally, the iron oxide is pelletised, to give 
walnut-sized material particularly suitable for adding to 
steel furnaces. 

This passing reference to the recovery of iron ore and 
nickel by leaching is only one example of the current 
importance of hydro-metallurgy in nickel extraction. 
Other outstanding examples of such processes are those 
employed by the nickel companies in Cuba and by Sherritt 
Gordon in Manitoba. 


Refining 

Whereas a considerable amount of nickel is marketed 
as oxide—a form which can readily be used by steel- 
makers—the bulk of the production is further refined 
either electrolytically or by the Mond carbonyl process. 

Electrolytic treatment has been considerably improved 
in recent years by the replacement of the older sulphate 
electrolyte by a sulphate-chloride solution, and by the 
use of addition agents which prevent the formation of 
honeycombed deposits. While the new type of electrolyte 
is more corrosive, the electric power requirements are 
reduced, a higher anode current efficiency is obtained 
and the recovery of cobalt is facilitated. 

When originally established, over 50 years ago, the 
Mond process was designed to treat a nickel-copper matte. 
The essential stages were :-— 

(a) roasting to eliminate sulphur ; 

(b) leaching with sulphuric acid, to remove copper as 

copper sulphate ; 

(c) reduction of the residual nickel oxide to finely 
divided metal, by means of the hydrogen in water 
gas ; 

(d) volatilisation of the nickel as nickel carbony! gas. 
by reaction with the carbon monoxide in water 
gas; and 

(e) the decomposition of the nickel carbonyl on the 
surface of nickel particles, resulting in gradual 
growth into the familiar Mond pellets. 
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Today the operations are significantly different. 
Firstly, the bulk of the copper is extracted by the proce- 
dures which have already been outlined : secondly, the 
sulphur is largely eliminated in Canada in a sintering 
machine. As a result of these changes, stages (a) and (b) 
have disappeared from the flow-sheet of the Mond plant 
at Clydach, South Wales. 

A most important contribution to economical opera- 
tions at Clydach has been made by fundamental and 
process research, which has been concerned with gas- 
metal reactions and velocities. Without going into 
technical details, some idea of the progress that has been 
made is presented by the fact that of the seven plant 
units at Clydach, four are now out of service. The 
remaining three units have today a production capacity 
such that more pure nickel was produced in the form of 
pellets at Clydach in 1956 than ever before in the history 
of The Mond Nickel Company. 

Notwithstanding this, it is only fair to the pioneers of 
the carbonyl process to say that the design and layout 
of the reducer, volatiliser and decomposer units in 
operation have remained for over 50 years essentially the 
same. Only during the past year have plans been 
developed for the reconstruction of the Clydach plant, 
taking advantage of the information that has been 
gathered by many years of research. 


Applications 


There are few applications where nickel can be seen 
in service, in fact, nickel has been described in the course 
of sales development as “* Your Unseen Friend.” There 
are, however, some exceptions to this ‘‘ unseen.”” There 
are pure nickel coins in circulation, but not in this 
country, and there is a widespread use of nickel for 
saucepans and the like, but in hotels rather than in 
private homes. Nickel parts can be found in radio valves, 
nickel equipment is used in some types of chemical 
processing plant, and a peculiarly interesting use of 
nickel which has more recently been developed is its 
application in echo depth-sounding equipment, where 
the unusual magnetostrictive properties of the metal are 
utilised. 

Stainless Steels 


_ Nickel is, however, essentially an alloying element, the 
introduction of which into other metals leads to the 
development of alloys possessing special properties. 
Outstanding examples are the austenitic stainless steels, 
generally containing 8°, nickel and 18°, chromium. 
Because of their special properties, the demand for these 
steels has been steadily increasing over the past few 
years, and at the present time about one-third of all the 
nickel available in the free world is so used, representing 
the largest consumption of the metal in any single field 
of application. 

_ The chemical industry, which demands highly corros- 
lon-resi-\ nt materials, has for a long time made exten- 
‘ive use of stainless steels, and in recent years, such 
materia!~ have played a prominent part in atomic-energy 
develo} ‘ments. The food industry and the domestic field 
are Mang increasing use of stainless steels and, looking 
to the + :ture, it seems like that important advances will 
be mad. in their adoption for architectural purposes. 
Constr ‘ional Steels 


Seco’ | only to stainless steel is the use of nickel in 
— ional alloy steels, an application which until 
recent! 


‘as been the biggest single consumer. It was 


recognition of the fact that the addition of nickel to steel 
gives a stronger and tougher product which, some sixty 
years ago, stimulated increased nickel production and, 
over the years, has been largely responsible for the 
development of the industry. It is interesting to note 
that the favourable influence of nickel in alloy steel, now 
couched in terms of hardenability, depth-hardening, and 
transformation characteristics, was recognised by much 
more “ rule-of-thumb ” methods so long ago. 

The situation which has now existed for some years, 
whereby the demand for nickel has exceeded the supply, 
has naturally led to the exercising of the greatest possible 
economy in its use. As a result of extensive research 
work on alloy steels, both here and abroad, we now know 
much more about the fundamental effects of nickel, both 
alone and in combination with other alloying elements 
such as chromium and molybdenum. So much so, that 
double- and triple-alloy steels containing lower amounts 
of nickel have largely superseded the straight nickel steels 
previously used. It would, however, be incorrect to 
generalise too widely on this tendency for reduced nickel 
contents : where particularly onerous service conditions 
obtain, such as, for instance, in the case of heavy-duty 
gears, preference is still given to the higher nickel steels, 
containing up to 4}°, nickel. 


Electroplating 


A further field which has undergone some interesting 
changes during my years in the nickel industry is that of 
plating. The amount of nickel now used as an electro- 
deposited underlay to chromium is estimated as some 
15°, of the nickel available in the free world. Since the 
chromium coating is so thin—10-20 millionths of an 
inch—it provides little more than a tarnish-resisting 
bright surface. The function of the nickel undercoating 
is to protect from corrosion the baser constructional 
metals which give the parts the required strength and 
rigidity. During recent years the study of nickel plating 
on a more fundamental and scientific basis has resulted 
in a better appreciation of the characteristics required of 
the electrodeposited metal, and of how to control produc- 
tion operations so as to obtain the best results. Unfortu- 
nately, the shortage of nickel in recent years has rendered 
it impossible for electrodepositors to adopt the recom- 
mended specifications for nickel plating and, hence, we 
have seen abnormally early deterioration of chromium- 
plated parts exposed to the rigours of the British climate. 


Gas Turbine Materials 


Perhaps the use of nickel in which I have personally 
been most interested is that in gas turbines, where 
components have to function under high stresses at 
temperatures above a red heat. My particular interest 
stems from researches I undertook between 1920 and 
1930, on the fundamentals of scaling at high tempera- 
tures. After 1930, I became increasingly involved in 
researches on nickel-chromium alloys, with special 
reference to the wire which is used in electrical heating 
appliances. In the 1930’s it seemed rather surprising 
when researches showed that elements present in no more 
than traces could play a vital part in determining the 
heat-resisting qualities of an alloy. Less than 1 part in 
1,000 of cerium was found to increase the test life of 
80/20 nickel-chromium wire for domestic electric heaters 
by a factor of ten. 

The realisation of the significance of minor elements 
in modifying the properties of the nickel-chromium 
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alloys of this type was, however, destined to prove much 
more widely applicable, and the successful development 
of the aircraft jet engine was closely associated with the 

development of alloys based on the 80/20 nickel- 

chromium alloy for electric fires. Obviously, this 

material would not burn away or oxidise appreciably at 

high temperatures, but it was not strong enough to resist 

the high stresses to which jet engine components were 

subject, and some means had to be found to make the 

alloy stiffer at high temperatures, without rendering it 

impossible to fabricate complex components by forging, 

rolling, ete. 

The solution was found by the introduction of addi- 
tional elements that rendered the alloy precipitation- 
hardenable. At the forging temperature the modified 
alloy is single-phase and soft: at the somewhat lower 
temperature involved in jet-engine service, precipitation 
of a second phase occurs, giving the desired stiffening 
effect. Thus came into existence the Nimonic series of 
alloys—electrical-resistance wire material stiffened by 
the introduction of titanium and aluminium. 

There have, of course, been subsequent developments. 
The designers of jet engines and gas turbines continually 
demand improved alloys for operation at higher tem- 
peratures, and research has been active in high-tempera- 
ture materials all over the world. The merits of further 
additions, such as cobalt and molybdenum, have been 
ascertained, and commercial developments have followed. 

Great interest and considerable technical importance 
lie in research results which have been obtained in this 
field regarding the influence of trace impurities. Ad- 
vances which have been made in the purity of raw 
materials, the development of spectrographic techniques 
and the introduction of the mass spectrograph for the 
analysis of alloys, and improvements in vacuum melting 
and casting have made researches on trace elements 
practical and effective. 

In the heat-resisting alloys there are two sorts of trace 
elements—the good and the bad. Amongst the good, 
reference has already been made to cerium ; one could 
add zirconium, calcium, thorium and boron. On the bad 
side, lead, tin and bismuth might be scheduled, together 
with sulphur and selenium. Maybe research will show 
in the future that there is a third type of trace element 

the inert type—but it is abundantly clear that trace 
elements in general play a vital part in the quality of 
many metallurgical products. Control over these effects 
falls into the field of ** know-how ” and can scarcely be 
taken into account in specifications. 


Miscellaneous 

A recent and particularly interesting example of the 
outstanding effects of small additions is to be seen in 
the influence of small amounts of magnesium or cerium in 
cast iron. This brittle metal, with its strength sapped 
by graphite flakes, is, by the introduction of less than one 
part in a 1,000 of magnesium or cerium, converted into a 
ductile iron that can be bent and shaped almost like steel. 
In these treated irons the graphite forms as innocuous 
spheroids, and the characteristic brittleness of cast iron 
disappears, tc the great advantage of the engineer. 

Reference has been made to stainless steels, alloy steels, 
high-temperature alloys and plating: these, together, 
take up two-thirds of the free world nickel supplies. The 
balance of the nickel goes into a multitude of applications, 
of which, tonnage-wise, nickel-copper alloys are of the 
greatest importance. They range from Monel, which is 


two-thirds nickel and one-third copper, down to cipro. 
nickel in which the proportions are reversed, and to low 
nickel contents of a few per cent. in high tensile brasses 
and the like. 

It would not be appropriate here to catalogue the uses 
of nickel. It was pointed out earlier that nickel! is a 
versatile alloying element, as a result of which it is to be 
found playing an important part in conjunction with 
most of the well-known metals. It is to be found, alike, 
in hard magnetic alloys, in soft magnetic alloys and in 
non-magnetic materials. It provides alloys of high, low, 
and even zero coefficient of expansion. It has its fune. 
tion in the hardest and the softest steels and irons. It 
may be found alloyed with gold and with lead, with 
tungsten and with aluminium, with chromium and 
copper and cobalt, with molybdenum and manganese, 
but it does its work in disguise—this unseen friend. 


A.D.A. Annual General Meeting 


At the recent Annual General Meeting of the Aluminium 
Development Association, Dk. Maurice Cook (Chairman 
of the Metals Division of Imperial Chemical Industries. 
Ltd.) was elected President of the Association for 
1957-58, and Mr. E. Prayer (Chairman of Birmid 
Industries, Ltd., and Joint Managing Director of 
Birmetals, Ltd.) was elected Vice-President. Mr. J. H 
Mayes (Northern Aluminium Co., Ltd.) was re-elected 
Chairman of the Executive Committee. 

The Report for the year ended December 31st, 1956, 
presented by the retiring President, the Hon. GEorrrey 
CUNLIFFE, shows increased activity on a number of 
major developments and research projects, and good 
progress made on the first part of the three-year pro- 
gramme which began in 1956. 

Special mention is made of development work on 
aluminium curtain wall construction of buildings. 
including new anodised finishes, and the completion of 
major researches into fundamental problems of applying 
aluminium to large structures. There has been a great 
increase in the Association’s work on aluminium in 
electrical engineering, and valuable experience has been 
gained in design and manufacturing processes. Teeh- 
nical problems have been largely solved, and the results 
were given at the Symposium on Aluminium in Electrical 
Engineering held at the Institution of Electrical 
Engineers on May 16th and 17th. 

Road transport continues as one of the main uses 0! 
aluminium and work directed towards new applications 
has included research on bright aluminium trim for 
motor cars and commercial vehicles. 

It is over ten years since the Association initiated 
major investigations into the structural use of aluminium 
on ocean-going vessels, and during the past vear thi 
results of this basic research came to full fruition by 
decisions to build several large passenger ships with 
aluminium superstructures, mainly welded. 

Collaboration with the British Standards Institutio! 
continued as an important activity of the Association 0 
behalf of the aluminium industry. 

There was the usual close co-operation with sever 
research associations concerned with aluminium, with 
appropriate professional institutions, with the Alv 

minium Industry Council, with the Centre Internation® 
de Developpement de l’Aluminium, and with th 
International Standards Organisation. 
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New British Oxygen Patents 


British OXYGEN announce two recent patent applica- 
tions in respect of their welding processes. The first 
relates to an improved nozzle design in gas shielded 
eectric are welding. The torches in present use usually 
incorporate ceramic or water cooled nozzles of compara- 
tively large dimensions. Apart from requiring a rela- 
tively large flow of shielding gas, they also tend to 
impede the operator’s view of the work and his ability 
to weld in confined spaces. The patent application 
relates to the provision of thin walled tubular nozzles 
made of heat resisting alloys, the external dimensions of 
which can be much smaller without effecting the 
necessary conditions for welding. 

The second patent application also relates to an 
improvement in gas shielded electric are welding. 
Experiment has shown that in inert gas shielded arc 
welding, hot air arising from the work-piece causes an 
air gap to persist between the gas shroud and the surface 
ofthe work. The presence of this gap leads to a decrease 
in the shielding efficiency of the inert gas, and the 
improvement for which British Oxygen have made 
application for a patent relates to a means whereby this 
air gap may be obviated by increased velocity of the 
shielding gas whilst maintaining the conditions of gas 
fow and minimum turbulance necessary according to 
the nature of the weld. 


Birlec in India 


Iv future, Birlee interests in India will be handled by 
AE.I. (India), Ltd., with headquarters in Caleutta and 
branches in many other towns. This has been decided 
after a visit to India by Mr. G. P. Tryker, Managing 
Director of Birlec, Ltd., with the object of reviewing 
agency arrangements in this rapidly growing market. 
Since 1946 Birlec, Ltd., has done business worth more 
than £1 million in the Indian sub-continent : 22 are 
melting furnaces have already been supplied and other 
orders in hand from the area are worth over £500,000. 
During his trip, Mr. Tinker visited government depart- 
ments in New Delhi concerned with industrial develop- 
ment, and many firms using Birlec furnaces. One of the 
most interesting installations was at the Hindusthan 
Iron & Steel Company’s works near Calcutta, where a 
3-ton Birlee direct are furnace is operating in an open 
serap yard beneath coconut palm trees, protected only 
by one wall and a tin roof. 


Australian Aluminium Expansion 


Tae Australian Aluminium Co., Pty., Ltd., announces 
4 major «xpansion of its works at Granville, New South 
Wales, designed to increase substantially its rolling mill 
capacity to provide for the increasing market for alu- 
mnium sheet, strip, circles and other rolled products. 
The exp :nsion plan is designed also to equip the Company 
‘o supp'y the large tonnage of aluminium strip (foil 
stock) w ich will be required by the new aluminium foil 
industry to be established in Australia by the Company’s 
overseas principals and other interests. 

The Australian Aluminium Company has already 
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undergone considerable expansion of both its rolling and 
extrusion facilities since operations commenced in 1941. 
A new 3,000 ton extrusion press has been purchased 
recently and should be in operation early in 1958. The 
current plan for rolling mill expansion envisages the 
most modern equipment, and will raise the Company’s 
fixed asset investment to over £4 million. 

The Company has playet a large part in developing 
the use of aluminium in Australia and intends to pursue 
a policy of keeping its production facilities abreast of 
market demand. The present shareholder owners of 
the Australian Aluminium Co. are Aluminium, Ltd., 
Canada, and the British Aluminium Co., Ltd. 


TI Nuclear Industry Company 


TuBE INVESTMENTS, LTp., announces the formation of a 
new subsidiary company, TI Nuclear Engineering, Ltd., 
with head office at The Adelphi, London, W.C.2, to 
assist its operating companies which are concerned with 
activities in the atomic energy industry in the promotion 
of business at home and abroad. 

The products being supplied to the industry by TI 
companies include components in reactor-grade materials 
—such as fuel element cans and sheaths, and applications 
of the rare metals for structural purposes ; reactor com- 
ponents—such as neutron starter tubes, burst slug 
detector gear components, control rods, control rod 
stand pipes, charging and discharging tubes, core 
restraints, absorber rods, fuel element supports, reactor 
tie bars; and steel tubes, heat exchanger components, 
stainless steel tubing, coils, pressure vessels, aluminium 
components, electrical switchgear, and rolling mills for 
nuclear metals. 

The new company, in association with the Tube 
Investments Research Laboratories at Cambridge and 
its Technological Centre at Walsall, also offers outside 
organisations sponsored research and design work, and 
radiation facilities. 


E.D.A.’s New Officials 

Viscount Cuanpos, D.S.O., M.C., was re-appointed 
President of the British Electrical Development Asso- 
ciation at the Association’s Annual General Meeting on 
Tuesday, May 7th. Sir Jostan Eccies, C.B.E., M.M., 
Deputy-Chairman (Operation), Central Electricity 
Authority, and Mr. V. W. Date, Companion I.E.E., 
former Director and Secretary of E.D.A., were appointed 
Vice-Presidents, and Lorp BrvEerRIDGE, K.C.B., and 
CapTaIn J. M. Donatpson, M.C., St. Albans, were 
re-appointed Vice-Presidents. At the first meeting of 
the new Council of the Association, Mr. W. 8S. Lewis, 
C.B.E., J.P., Chairman of the Midlands Electricity 
Board, was elected Chairman for the year 1957-58, and 
Mr. W. N. C. Cirxcu, Controller, Eastern Division, 
Central Electricity Authority, was elected Vice- 
Chairman. 


New Chair of Metallurgy 


In view of the increasing importance of materials and 
metallurgy in the aircraft industry and in aeronautical 
research, the Governing Body of the College of Aero- 
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nautics has created a professorship in materials and 
metallurgy. Dr. A. J. Kennepy, formerly Head of the 
Metal Physics Section of the British Iron and Steel 
Research Association, took up his appointment as the 
first Professor in Materials and Metallurgy at the 
beginning of last month. He will have special responsi- 
bilities in developing research activities and encouraging 
and supervising advanced studies, particularly in the 
field of physical metallurgy. 


Davy British Oxygen, Ltd. 

THE increased use of oxygen for metallurgical duties 
brought about by the low cost resulting from production 
on tonnage scales has led to the development of new steel- 
making processes. These new processes bring together 
the metallurgical techniques involved in the develop- 
ment and design of steelmaking plant with the applica- 
tion of tonnage oxygen. 

A new joint company—Davy British Oxygen, Ltd.— 
has been formed which will make available to the steel 
industry “ oxy-steel "’ processes utilising the steel plant 
manufacturing resources of Davy and United Engineer- 
ing Co., Ltd., Sheffield, and the metallurgical techniques 
and tonnage oxygen plant manufacturing facilities of 
British Oxygen Engineering, Ltd., and British Oxygen 
Linde, Ltd. The capital of the new company will be held 
equally by Davy and United Engineering Co., Ltd., and 
by The British Oxygen Co., Ltd., and the directors will 
be: Mr. M. A. Frennes and Mr. M. F. Dowptne (Davy 
and United Engineering Co., Ltd.) and Dr. P. H. Sykes 
and Mr. F. J. Cuark (The British Oxygen Co., Ltd.). 
The registered offices will be Bridgewater House, 
Cleveland Row, St. James’s, London, 8.W.1. 


Canadian Wheel Company 

ENGLIsH STEEL Corporation, Lrp., of Sheffield, and 
Canadian Steel Foundries (1956), Ltd.—a subsidiary of 
the Hawker Siddeley Group—have announced the 
formation of a new company in Canada. This new 
company, Canadian Steel Wheel, Ltd., will manufacture 
wrought steel railway wheels in Montreal. A member of 
the English Steel Corporation Group—Taylor Bros. & 
Co., Ltd., of Trafford Park, Manchester—is world 
famous for its wrought steel wheels, large numbers of 
which have been exported to Canada for many years. 
The technical knowledge and experience of Taylors will 
be available to the new company. Mr. R. G. H. Taytor, 
Director of English Steel Corporation, Ltd., and Manag- 
ing Director of Taylor Bros. & Co., Ltd., will be Chairman 
of the Board of Canadian Steel Wheel, Ltd., and the 
President will be Mr. A. C. MacDona.p, President of 
Canadian Steel Foundries. 


Electronic Computer Exhibition 


An Electronic Computer Exhibition, to include data 
handling equipment of all kinds, is to be held at Olympia, 
London, from November 28th to December 4th, 1958. 
The Exhibition is being sponsored, at the suggestion of 
the National Research Development Corporation, by a 
joint committee of the Radio Communication and 
Electronic Engineering Association and the Office 
Appliance and Business Equipment Trades Association, 
under the chairmanship of Mr. J. A. Cummrne, chairman 
of the Exhibition Committee of O.A.B.E.T.A. Con- 
currently with the Exhibition there will be a symposium 


at which papers dealing with the applications of om. 
puters to problems in business, industry and scienc: wil] 
be read and discussed. 


Bristol Metal Finishing Branch 


THE Institute of Metal Finishing has announced the 
formation of a Bristol and South Wales Branch, and an 
Inaugural Meeting will be held at the Grand Hotel, 
Bristol, at 6-30 p.m., on Tuesday, June 4th. The 
meeting is to be opened by the President of the Institute, 
Mr. R. A. J. Hammonp, who will be accompanied by 
Dr. S. Wernick, Honorary Secretary of the Institute. 
A paper on “ Recent Developments in the Finishing of 
Zine Die-Castings ”’ is to be presented by Mr. L. A. J. 
LoppEr, and during the evening the election of officers 
and committee of the new branch will take place. 


Steel Prices 


Tue Tron and Steel Board has announced increases in 
the maximum prices of a limited range of steel products. 
These include non-alloy steel wire rods, rivet bolt and 
nut bars, cold rolled strip, intermediate widths of hot 
rolled strip and bright non-alloy steel bars (other than 
commercial quality rounds, squares and hexagons). The 
changes represent a correction of the price structure, and 
while the maximum prices of individual items within 
the above mentioned range have been increased by 
varying amounts, no significant change has been made 
in the general level of steel prices. The new prices came 
into force on Monday, May 13th, 1957. 


B.W.R.A. Laboratory Opening 


Tue Rr. Hon. Lorp Tepper, G.C.B., Marshal of the 
Royal Air Force and Chancellor of the University of 
Cambridge, will open the new Metallurgical Laboratories 
of the British Welding Research Association at Abington 
Hall on Tuesday, July 23rd. The opening will be 
followed by a luncheon and, in the afternoon, guests 
will be able to see something of the work of the Associa- 
tion and visit the new 13,000 sq. ft. laboratory, where 
demonstrations will be given of the latest welding 
processes and control tests. 


Change of Name 
As part of an internal re-organisation within the Group. 
the manufacturing activities in the past carried on by 
Albright & Wilson, Ltd., have been transferred to a 
wholly-owned subsidiary company : Albright & Wilson 
(Mfg.), Ltd. There will be no change in the addresses of 
of the Offices and Works from which the manufacturing 
activities are carried on, but all communications should 


now be addressed to Albright & Wilson (Mfg.), Ltd. 


THe Technical Sales and Service Department of Acheson 
Colloids, Ltd., is now at 70, Hill Street, Richmond. 
Surrey. (Tel.: RIChmond 2066 and 2634). The 
Accounting Section will remain at 18, Pall Mall. All 
future orders should be sent to the Richmond address 
and enquiries for Technical Sales and Service to Rich- 


mond or the nearest area Sales Office. 


THE telephone numbers of the Huyton Quarry Works 
of British Insulated Callender’s Cables, Ltd., have beet 
changed to Huyton 4591-3. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Gas Insulated Industrial X-ray 
Equipment 

Tue latest addition to the Newton Victor range is the 
Raymax 150, the first gas-insulated X-ray equipment 
produced in this country. The use of non-toxic inert 
gas—sulphur hexafluoride—as the insulating medium, 
together with the absence of high voltage cables, 
rectifying valves and the associated filament transformer, 
has resulted in a unit of low weight and exceptionally 
rugged construction suitable for use in the factory or on 
open erection sites. 

The equipment consists of a tubehead, gantry stand, 
control unit and water cooler. The tubehead comprises 
a high voltage transformer, a filament transformer and 
an X-ray tube all housed in a cylindrical steel tank 
filled with sulphur hexafluoride at a pressure of 20 lb. 
.in. The high voltage transformer is of modern design 
with variable layer insulation to improve the space 
factor. The target of the X-ray tube is earthed, thus 
obviating one of the complications of oil cooling, and is 
water cooled, either directly from the mains supply or 
from a simple water/air heat exchanger. The gantry 
stand provides a versatile support for the tubehead 
with a vertical travel of 48 in. Pivots permit the beam 
to be angled in all directions, and the horizontal traverse 


of the tubehead is 16 in. For special work the tubehead 
and cradle can be easily removed from the stand. 

Two tubes are available for use with the equipment. 
The Type NVI.400 tube has a 20° target, giving a cone 
of radiation with a half angle of 15° which, together 
with the fine focus, makes this tube ideal for the general 
radiography of welded joints, light alloy castings and 


miscellaneous objects. The source of radiation situated 
near the end of a metal encased tube extending 18 in. 
from the generator tank combines the advantages of the 
tube unit with those of the tank unit, and facilitates 
easy and rapid positioning in difficult circumstances. 

The extension of the cathode structure inside the 
hollow anode firstly obviates the complications of a 
focusing coil and the adjustment of the focusing current 
in relation to the tube voltage, and secondly achieves 
for the first time a rod anode tube with a line focus. 
This advanced design utilises two separate electron 
beams, at slightly different angles, which can be 
accurately focused on the target because of the proximity 
of the cathode. By optimum distribution of the load 
on the target area and by efficient water cooling, the 
focal area is reduced, leading to better quality radio- 
graphs and increase in tube life. 

The NVI. 450 tube is generally similar in construction 
to the NVI. 400, but the anode is at 90° to the electron 
beam and the window provides a 360° beam of radiation 
for the examination of circumferential welds, hollow 
castings and small specimens arranged in a circle. The 
anode can be inserted in apertures down to 4in. in 
diameter, and the entire tubehead can be drawn through 
pipes or vessels with an internal diameter exceeding 18 in. 

The small portable control has been designed for wall 
or desk mounting in permanent installations, and is of a 
convenient shape and size for site work. The con- 
tinuously adjustable tube voltage has a range from 50 to 
150 kVp., sufficient for all light alloy castings, plastic 
mouldings or assemblies, and welded steel plate up to 
14 in. thick. 

Metropolitan- Vickers Electrical Co., Ltd., Trafford Park, 

Manchester, 17. 


Plastic Plumbago Refractories 


THE Crucible Department of The Morgan Crucible Co., 
Ltd., is about to market a new range of refractory 
products under the Brand name “ Black Sal.’ Indivi- 
dually they are called Black Sal No. 900 Cement, Black 
Sal No. 1,000 Plumbago Plastic Ramming Material, and 
Black Sal No. 2,000 Stopper Plugging Compound. 
Basically they are plumbago/silicon carbide plastic 
refractories requiring only the addition of water to be 
ready for use. 

Black Sal No. 900 is a plumbago /silicon carbide based 
cement primarily intended for jointing plumbago ware ; 
it can also be used as a refractory washcoat. 

Black Sal No. 1,000 is a super quality plumbago/ 
silicon carbide plastic ramming material for use in the 
foundry : it has excellent resistance to thermal shock, 
and is resistant to corrosive attack from molten metals 
slags, and most fluxes. The self-glazing properties of 
No. 1,000 Cement restrict oxidation when heated to a 
temperature of 1,400-1,500° C. in an oxidising atmos- 
phere. It can be used as a damp dust, a soft damp 
dust, or as a soft plastic. As a damp dust it is excellent 
for ramming behind formers, as a soft damp dust it is 
excellent for hand hammering without formers or for 
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moulding shape parts, and in the plastic form it is 
useful for hand daubing and repairing cracks. 

Black Sal No. 2,000 is a high quality plumbago 
stopper plugging compound. It is very resistant to 
erosion, making it the ideal compound for stopper 
plugging. Furthermore, Black Sal No. 2,000 safeguards 
against the loss of the stopper plug in bottom-pour 
ladles 

Refractories from the Black Sal range are being sold 
in 7-lb., and 28-lb. tins and 112-lb. drums; or larger 
amounts can be delivered in casks. Detailed working 
instructions and a general introduction to the products 
are included in each standard pack. 

The Morgan Crucible Co., Ltd., Battersea Church 

Road, London, S.W.11. 


Electrolytic Polisher 


SEVERAL advantages are claimed for the electrolytic 
polishing of specimens for metallographic examination. 
In the first place, the surface polish is equal to or better 
than that obtained by mechanical polishing, and there 
is a complete absence of distortion when soft metals are 
so polished. Completely unskilled operators can obtain 
first-class results and the method is extremely rapid for 
most metals (copper is an exception). Furthermore, in 
general, larger areas can be more successfully treated 
than by mechanical polishing. It must be admitted 
that with electrolytic polishing non-metallic inclusions 
are partly or completely removed by chemical action 
and a very high relief is obtained, sometimes to the 
degree of severe pitting. For many purposes this 
disadvantage is of negligible importance compared to 
the advantages referred to above, and in view of the 
increasing use of the method Nash & Thompson have 
designed special equipment for carrying it out. 

The instrument consists of a control cabinet and a 
free standing magnetic stirrer assembly. The cabinet 
contains the necessary electrical equipment for producing 
the highly smoothed D.C. voltage which is applied 
across the electrodes, and on its front panel are mounted 
the various controls. Provision is made for connecting 
one or two magnetic stirrers into the front of the cabinet, 
and speed of stirring is regulated by means of a control 
knob mounted in the base of each. Each stirrer accepts 
a standard 1,000 ml. beaker, one containing the electro- 
lyte and the other water for washing the specimen 


immediately after polishing. On the top rim of the 
electrolytic beaker is fitted a moulded polythene cap 
containing the two electrodes, which take the forn. of 
quick release clips. This electrode cap is connected to 
the cabinet by a flexible cable and can be very quickly 
transferred to the washing water beaker at the end of the 
polishing cycle, thus minimising the possibility of 
unwanted chemical etching or staining of the specimen. 

This simple and very flexible arrangement lends itseif 
to very efficient operation, as it is possible to replace 
the electrolyte beaker with another extremely quickly, 
so that a number of different metals can be polished 
by several operators using the instrument in quick 
rotation. 

Before electropolishing, the specimen is prepared by 
the usual grinding operations, finishing with a 600 grade 
emery paper. 

The equipment can also be used for etching—often in 
the same solution by varying the electrical conditions. 
It can also be applied to other processes where a D.C. 
potential is required, such as the laboratory scale 
investigation of electroplating and anodising techniques. 


Nash and Thompson, Ltd., Oakcroft Road, Chessington, 
Surrey. 


Sand Coating Resin 


A NeW liquid resin which is claimed to reduce costs 
considerably in the shell moulding process has been 
developed by British Resin Products, Ltd. The resin, 
Cellobond JX.5040, is designed for the cold-coating of 
sand. With this resin, the operation is essentially one 
of simple mixing and can be carried out in any foundry 
without the use of heat. Cellobond JX.5040 is liquid at 
normal temperatures, and when mixed with sand 
deposits a thin film of resin around each grain of sand, 
This enables the coated sand to remain free from 
dusting. 

Most types of foundry mixing machinery are suitable 
for use with the resin, but process times and procedures 
will vary according to the equipment employed. Any 
of the sands commonly used in the shell moulding process 
can be pre-coated, and shells made from sand coated in 
this manner are stronger than those made with a com- 
parable powder resin ‘sand mix. Also shorter investment 
times are needed. Sand coated with Cellobond JX.5040 
can be used for making cores, and is particularly suitable 
for “ core blowing.” 

British Resin Products, Ltd, Devonshire House, 

Piccadilly, London, W.1. 


Sound System for Works Control 


A NEW bulkhead microphone control unit specially 
designed to meet the requirements of the many factories 
and machine plants where a high noise level makes the 
use of normal communication methods unsuitable, is 
being marketed by Communication Systems, Ltd. The 
equipment has widespread applications throughout 
industry and is likely to prove particularly suitable where 
mechanical processing has to be closely controlled over @ 
wide area. Steel rolling mills, car body factories, and 
hard-board processing plants are but a few obvious 
examples. 

A typical system consists of a central amplifier of 
suitable power output, and a number of bulkhead 
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microphone units, with associated loudspeakers, placed 
at key points throughout the plant. An operator wishing 
to make an announcement presses the red “ call” 
button, which produces a warning note in all the loud- 
speakers in the network. He then presses the green 
“speak ’’ button, and holds it depressed, while broad- 
casting the message. During the transmission of a 
message, the local loudspeaker is muted, or partically 
attentuated, to avoid feedback. On releasing the button 
the microphone station is ready, if necessary, to receive 
replies from other points similarly equipped, or further 
announcements, or warnings, from distant stations. 
The bulkhead unit, which is known as the SH80, has a 
robust cast-metal housing and is weather-proof. A fine 
graded wire mesh protects the microphone against dirt 
and moisture. Portable versions of this equipment, 
which can be plugged in at strategic points, are also 
available, The system was originally designed for use in 
coal washery plants, where an efficient method of control 
is essential, and has proved highly successful. 
Communication Systems, Ltd., Strowger House, 
8, Arundel St., London, W.C.2. 


Linear Accelerator for Industrial 
Radiography 

A 5 MILLION electron-volt linear accelerator has recently 
been installed at a Ministry of Supply establishment. 
This machine is believed to be the first of its kind 
designed specifically for industrial radiography. The 
outstanding advantage of linear accelerators is that they 
give more X-ray output and greater energy than 
machines previously used for radiography, including Van 
der Graaf machines, resonant transformers, and cascade 
generators. The machine also compares favourably with 
multi-curie radio-isotope sources such as Cobalt 60. For 
example, a half-hour exposure using the linear accelerator 
will give a radiograph of the best obtainable definition 
of a steel specimen 9-10in. thick, whereas the same 
exposure using a Cobalt 60 source of reasonable size 
would only give about 5 in. penetration. 

The 5 MeV linear accelerator has been designed to 
give extremely good definition. Despite the high energy 
and the large output of over 500 roentgens per minute 
at | metre, the electron beam which creates the X-rays 
has a diameter of only 2 mm. when it strikes the target. 
In addition, the polar diagram of the output tends to be 
flatter than is normally associated with such a high 
energy beam, because of a special new magnetic focusing 
device associated with the X-ray head. 

The main part of the machine has been kept small, 
the overall length being only 9 ft. This has made it 
possible to obtain a very high degree of mobility, so that 
the accelerator can be moved into the best position for 
obtaining a radiograph, instead of moving the specimen, 
which may be bulky and unwieldy. The following 
moveinents are possible :— 

(1) The whole accelerator can be tilted from vertical 

to horizontal. 

(2 The X-ray head rotates. 

(3. The accelerator turns laterally through 180°. 

(4 The whole machine can be raised or lowered 8 ft. 

(5, The machine is mounted on an overhead rail so 


hat transverse and longitudinal movements are 
‘btainable over the room which houses it. 


The accelerator was designed and constructed by 
Mullard Research Laboratories on behalf of the con- 
tractors, Philips Electrical, Ltd. 

Philips Electrical, Ltd., Century House, Shaftesbury 

Avenue, London, W.C.2. 


Gas Cutting Torch 


Unper ideal conditions it is possible to cut steel pre- 
heated to bright red merely by applying a stream of 
oxygen to it. In practice, however, it is necessary to 
continue to apply at least a small heating flame while 
cutting is in progress. In some conventional cutters the 
large preheating flame continues in use throughout the 
cutting operation. In 1950, a torch was designed on 
the principles established by Mr. L. G. Buckle to give 
maximum heat during preheating, though even then 
using less fuel gas and oxygen than conventional cutters 
working at equal pressure. When the oxygen stream is 
applied to the work, the heating flame is at once reduced 
by the automatic operation of restrictors in the preheat 
gas and oxygen lines. 

Experience with this torch has led to improvements in 
the design and a new Buckle Paragon torch has made its 
appearance. Although the original model was one of the 
lightest on the market, the replacement of the brass 
body by one made in heat treated and anodised light 
alloy has enabled a reduction in weight from 4 Ib. 3 oz. 
to just under 3 lb. to be achieved. The bores for the 
cutting oxygen and restrictor valves are sleeved with 
brass to ensure smooth trouble-free operation. 


Buckle Flame Cutter Co., Ltd., 24, Broad Street Avenue, 
London, E.C.2. 


Molytone Greases 


A New family of lubricants based on special bentone 
greases containing molybdenum disulphide is being 
launched by Rocol, Ltd., in the United Kingdom, 
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Europe, the Commonwealth and Latin America. 
Normally, greases consist of mineral oils thickened with 
various metallic soaps. The bentone greases differ 
in that, instead of a metallic soap, a modified bentonite 
clay is used as the thickening agent. It is claimed that, 
as a result, they are more stable and more resistant to 
working, and have better adhesion to metals, better 
water repellence and less oil separation than other 
greases. Because they have no melting point, they can 
be used in conditions up to the point of inflamability of 
the basic oil. The combination of molybdenum disul- 
phide with these improved greases gives products— 
the molytone greases—which have the lubricating and 
pressure resisting properties of molybdenum disulphide, 
together with the special qualities of the bentones. 
Molytone L.M. Grease has a higher molybdenum 
disulphide content than the basic Molytone Grease, and 
is designed for the lubrication of gas cocks, plugs and 
valves, particularly where much heat is experienced. 
It also has many applications as an anti-seize grease. 
Molytone X grease and Molytone C grease incorporate a 
non-petroleum bentone grease for use with rubber, the 
latter being specially developed for use in car brake 
servos. 
Rocol, Ltd., Rocol House, Swillington, Nr. Leeds ; 
and Ibex House, Minories, London, E.C.3. 


Ultrasonic Drill Accessories 
IMPORTANT new accessories have recently been intro- 
duced by Mullard, Ltd., which extend still further the 
performance and scope of their low power ultrasonic 
drilling equipment. These are : first, a slurry pump and 
work-table, which can be supplied with the drill or 
purchased separately for attachment to an existing 
installation ; and second, a range of matching stubs of 
completely new design which increase not only the 
speed of drilling but also the capacity of the drill. 

Specifically designed for attachment to the Mullard 
50-watt ultrasonic drill, the slurry pump and work-table 
provides a continuous flow of abrasive to the drill, thus 
obviating the necessity for hand-feeding. It is particu- 
larly valuable where an automatic method of feeding 


correctly concentrated abrasive to the workpiece is 
essential to achieve a high rate of output with economy 
in plant and manpower. 

The slurry unit incorporates an immersed impeller 
pump, thereby avoiding the use of glands, with their 
associated leakage. The reservoir tank is specially 
shaped to reduce build-up of the abrasive, which is 
agitated into suspension by by-pass jets from the pump. 
Hardened materials are used wherever necessary to 
reduce wear. The outlet to the workpiece is controlled 
by two-way cocks which direct the slurry on to the work 
or by-pass it back into the tank. By this means, the 
abrasive is continually circulated and not allowed to 
settle in the pipe-line. The top of the work-table is 
constructed so as to ensure that the abrasive falls into 
the lower compartment without serious interruption, 
where it is flushed by sprays and jets into a large-bore 
return pipe. 

The new matching stubs are of an entirely new design, 
having important advantages over the exponential 
types hitherto supplied for the low-power drill. First, 
they give a greatly increased amplitude gain, and 
therefore considerable improvement in cutting speed. 
Second, they allow the use of much larger tools, thereby 
increasing the capacity of the drill. The new stubs are 
of stepped cylindrical construction, and give an ampli- 
tude gain equivalent to the square of the ratio of the end 
diameters. Exponential stubs give a gain which is 
equivalent only to the simple ratio of the end diameters. 


Mullard, Ltd., Mullard House, Torrington Place, 
London, W.C.1, 


Lightweight Foundry Suit 


A new foundry suit with a weight about one-third that 
of the orthodox asbestos suit has been designed by the 
R.F.D. Co., Ltd., and was exhibited at the recent 
Factory Equipment Exhibition. The R.F.D. suit is 
much more flexible and less cumbersome than all- 
asbestos clothing, and while it does not provide such 
complete protection, foundry managements have found 
that the men do not mind wearing it, and that a sub- 
stantial measure of protection is afforded. The jacket 
and trousers are made in tough. but flexible cotton duck, 
flameproofed by the Proban durable anti-flame process. 
A feature of the suit is the leather and/or asbestos 
facings on areas most vulnerable to molten metal splash. 


R.F.D. Co., Ltd., Protective Clothing Division, Godal- 
ming, Surrey. 
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Book Notices 


TIN BOX MANUFACTURE 

By J. W. Langton. 192 pp. (168 pp. plus Appendix), 8} in. x 

52 in., with 89 illustrations in line and half-tone. April, 1957. 

Canning Publications, 14-15, Coleman Street, London, E.C.2. 

30s. net (31s. 6d. including postage and packing). 

Tuis new book is believed to be the first ever published 
on the subject of “ general line ” tin box production. As 
the author states in his foreword, ** basic information on 
the manufacturing processes was extremely hard to 
obtain. It was treasured by the ‘ old masters ’ and had, 
literally, to be dug out of them and one’s own experience.” 
Briefly, the sixteen chapters of the book describe the 
production of both seamless and made-up containers— 
round, rectangular and irregular—from the cutting and 
testing of the tinplate and other sheet metals through 
the various press tools and machines to the assembling, 
soldering and testing of the finished containers. It may 
be noted that the production principles used in the 
manufacture of tin boxes can be applied with advantage 
to improve the production in many other industries 
using sheet metals. 

Mr. Langton’s book will be of particular value to the 
young engineer, in enabling him to acquire the basic 
knowledge on the production processes and on the press 
tools and machinery used in the manufacture of metal 
containers. It will also be useful to many experienced 
engineers who, having specialised in particular aspects 
of the work, will wish to extend their knowledge to other 
branches. The author pays special attention to opera- 
tional difficulties, and explains how to remedy and to 
avoid the troubles that may arise. The book will be of 
interest, too, at managerial and executive levels for, in 
addition to the production processes, it covers such 
subjects as the selection of machinery, maintenance, 
production sequences, operational planning, allocation 
of overheads and the payment of labour. 


PROCESS AND PHYSICAL METALLURGY 
By J. E. Garside. Second edition. xx + 593 pp. with 237 
illustrations and 135 tables. Published by Charles Griffin and 

Co. Ltd., 42, Drury Lane, London, W.C.2. 54s. net. 

Ix view of the increased need for technical education in 
this country, which has been emphasised in recent years, 
and of the development of new courses in metallurgy 
and engineering metallurgy, the publication of the revised 
and enlarged second edition of the above book is most 
timely. To meet the needs of students taking courses 
leading to the new qualification Dip. Tech. (Eng.), the 
eng! ering and metallurgical degrees of the universities, 
the Higher National Certificates in Metallurgy and in 
Engineering, and other examinations of comparable 
stan iard, this book should prove invaluable. However, 
it is not limited in its usefulness to those preparing for 
exa’ inations; it has been written to meet the needs of 
the ser of metallic materials, particularly from the 
~ eers angle, and the whole field is presented in one 
vo 

_-\ lance at the contents will indicate the comprehen- 
sive scope of this work. The various chapters cover 
ores nd ore dressing, refractory materials, fuels, furnaces, 
flux . and slags, moulding sands, production of castings 


CURRENT LITERATURE 


and ingots, mechanical deformation of metals and 
alloys, temperature measurement, technique of metallo- 
graphical microscopy, constitution of alloys, the metallic 
state, physical changes in metals and alloys caused by 
deformation and by annealing, manufacture of iron and 
steel, steel ingot defects, metallography of iron and 
steel, heat-treatment of steel, surface hardening of 
steel, structural steels, special-purpose steels, cast- 
irons, copper and copper-base alloys, aluminium and 
aluminium-base alloys, magnesium and magnesium-base 
alloys, nickel and nickel-base alloys, lead, printing 
metals and low melting-point alloys, zinc and zinc- base 
alloys, bearing metals, the joining of metals and alloys, 
powder metallurgy, metallic corrosion, and an appendix 
which gives some definitions associated with the tensile 
testing of metals, conversion tables, hardness comparison 
scales, photomicrographs showing grain sizes in steels, 
and a copy of Sauveur’s temperature conversion table. 

In works of this kind there is frequently a want of 
balance due to the treatment of some aspects of the 
subject in considerable detail, which is liable to restrict 
the information on other aspects ; in this book, however, 
the extended length has given the author ample scope to 
effect an excellent balance, and the result is a work that 
will be invaluable to users of metals and their alloys. The 
first edition of this book is so well known that it seems 
unnecessary to emphasise its technical quality, but this 
revised edition, including two new chapters, can be 
confidently recommended to engineers and engineering 
students who seek a fuller knowledge of complex metal- 
lurgical aspects of their profession. 


NATIONAL BUREAU OF STANDARDS 
ANNUAL REPORT, 1956 

National Bureau of Standards Miscellaneous Publication 220, 

158 pp. Order from Superintendent of Documents, U.S. 

Government Printing Office, Washington 25, D.C. 60 cents. 

(Foreign remittances must be in U.S. exchange and should 

include an additional one-fourth the publication price to cover 

mailing costs.) 

Tus report summarizes the research and development 
activities of the National Bureau of Standards in the 
physical sciences during the fiscal year 1956. Brief 
descriptions are given of representative accomplishments 
in each area of the Bureau’s responsibilities, which 
include maintenance of basic standards, determination of 
physical constants and properties of matter, development 
of methods and instruments of measurement, and the 
provision of calibration, testing and scientific advisory 
services. 

During the past year, significant results were achieved 
in programmes dealing with electronic computers, 
electronic instrumentation, and the properties of matter 
and materials. A new high-speed computer which gives 
the geographic fallout pattern after a nuclear explosion 
was developed for the Atomic Energy Commission. 
Development work was successfully completed on a 
micro-image data storage and retrieval device which 
provides rapid access to any one cf 10,000 microfilmed 
images located on a 10-in. square sheet of film. 

The Bureau also developed a technique for capturing 
and storing large numbers of free radicals—highly 
reactive molecular fragments—at temperatures near 
absolute zero. In the field of optics and metrology, the 
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Bureau completed a comprehensive dictionary of colour 
names, which lists some 7,500 individual names and 
defines them in simple accurate terms easily understood 
by workers in different fields. A study of the effect of 
crystal orientation on fatigue crack initiation in metal was 
also completed. 

The Annual Report is composed of five sections ; 
(1) a general review or summary; (2) a resumé of the 
Bureau’s research and development work in progress 
or completed during 1956; (3) a review of the testing 
and calibration programme; (4) a discussion of the 
Bureau’s various co-operative activities; and (5) an 
appendix consisting primarily of statistical and organiza- 
tional material and a complete list of publications by 
N.B.S. staff members for the fiscal year. 


Trade 


Hiah Duty ALLoys, Lrp., have recently issued a booklet 
of technical data on Magnuminium and magnesium, 
zirconium and thorium alloys, with the object of assisting 
designers to select the most suitable Magnuminium alloy 
for their particular requirements. The booklet contains 
details of the physical and specified mechanical properties 
of the alloys manufactured by H.D.A., together with 
technical data on the cast and wrought magnesium alloys 
containing zirconium and thorium, manufactured by the 
company under licence from Magnesium Elektron, Ltd. 


WE have received from George Kent, Ltd., publication 
No. 377 which deals with FAF controllers. These form 
a comprehensive range of non-indicating, non-recording, 
slack-diaphragm-operated instruments for the automatic 
control of static pressure, differential pressure and 
pressure ratio for mill load, furnace pressure and other 
applications. The standardisation of components, 
coupled with an overall uniformity of design throughout 
the FAF range, is directed at greatly simplifying 
maintenance, servicing and spare-parts problems, an 
essential factor for efficient plant operation. 

Unper the title “M.F.C.” Materials for Chromatography, 
Hopkin & Williams, Ltd., have recently issued a leaflet 
giving particulars of those substances immediately 
available, together with their prices. A further Hopkin 
& Williams publication is Monograph No. 31 in the 
series “‘ Organic Reagents for Metals,’ and deals with 
2: 2’-diquinolyl (“ Cuproin”’) which is a reagent for 
copper. 

For some years Eleontrol, Ltd., have been manufactur- 
ing electronic level control equipment for use with 
conductive liquids. As an extension of this activity, 
they are now producing a range of level controls for use 
with free-floving solids and non-conductive liquids. They 
are based on the well-known principle of the capacity 
relay or proximity switch and are fully described in 
Date Sheet CR. 

Atumrinium is finding increasing application in the 
handling of foodstuffs and a new Aluminium Union 
leaflet deals with its use for grain silos. Apart from the 
advantages of light weight for transportation, aluminium 
requires no painting and maintains its pleasing appear- 
ance during a very long life. Furthermore, the interior 
surface of an aluminivm silo does not deteriorate or 
harbour pests. 

THE Spring 1957 issue of Torch, the quarterly technical 
bulletin of British Oxygen Gases, Ltd., features an 


article on flame hardening, and its application in various 
fields. Other items are concerned with the success 
achieved by the Saffire cutting torch, the construction 
of aluminium alloy fishing boats for Nigeria, the 
production and properties of zirconium, and miscellane- 
ous applications of the company’s products. 


Two recent publications of Woods of Colchester, Ltd., 
are concerned with propeller fans. The first gives full 
particulars of the fans themselves, including dimensions, 
weights, capacities, etc. Publication V3644 details 
ancillary equipment such as louvre shutters, butterfly 
shutters and windshields, fan chambers, low-loss grilles, 
diaphragm plates, wall cowls, etc. 


Tue Spring 1957 issue of The Turnbridge News, the 
house magazine of W. C. Holmes & Co., Ltd., contains, 
in addition to administration items of interest to 
employees, brief articles on the Holmes-Rothemuhle 
multi-cell cyclone dust collector and a tar dehydration 
plant at the Bradford Road Works, Manchester, of 
the North Western Gas Board. 


Aw outstanding feature of the March issue of The Nickel 
Bulletin is a series of abstracts on papers presented at a 
recent meeting of the American Electroplaters’ Society. 
The subjects dealt with include the influence of con- 
taminants in nickel-plating solutions, electrodeposition 
of chromium on high-alloy materials, and the testing of 
electrodeposited coatings. Among the literature on 
non-ferrous alloys is a data sheet on nickel silvers, and 
reference information on high-nickel spring materials. 
The importance of welding in connection with high- 
temperature applications is demonstrated by papers 
recording the behaviour of welded joints in steam plant, 
and with a study of weld metal of balanced austenite/ 
ferrite composition. Attention is directed to a review 
of the current stage of progress on prevention of oxidation 
of molybdenum at elevated temperatures, and items on 
corrosion include papers dealing with attack by nitric, 
hydrofluoric and naphthenic acids. 


Books Received 


“The Manufacture of Iron and Steel’ Vol. 1 Iron 
Production.”” By G. R. Bashforth. 2nd Edition Revised. 
306 pp. inc. index and numerous illustrations. London, 
1957. Chapman & Hall, Ltd. 45s. net. 


‘* Induction and Dielectric Heating.” Electricity and 
Productivity Series No. 6. 191 pp. ine. index and 
numerousillustrations. London, 1957. British Electrical 
Development Association. 8s. 6d.; by post 9s. 


“ Gear Hobbing and Shaving.”” By A. Sykes. 90 pp. 
andindex. 1956, Huddersfield. David Brown Industries, 
Ltd. 25s. 

“The British Tinplate Industry ” (A History). By 
W. E. Minchinton. 286 pp. ine. appendixes, biblio- 
graphy and index. Oxford, 1957 Clarendon Press: 
Oxford University Press. 35s. net (in U.K. only). 


“Steelplant Refractories—Testing, Research and 
Development.” By J. H. Chesters. New Edition. 
728 pp. ine. index and numerous illustrations. Sheffield, 
1957. The United Steel Companies, Ltd. 80s.; oF 
$12 U.S.A. or Canada. Obtainable from The Publica- 
tions Department, The United Steel Companies, Ltd., 
17 Westbourne Road, Sheffield, 10. 
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Vacuum 


INDUCTION AND ARC 
FURNACES 


The experience of the National Research Corporation, 
who have built and operated more high vacuum fur- 
naces than any other company in the world, and the 
facilities in Britain of Wild-Barfield combine to offer 
unsurpassed vacuum melting equipment. 

Both arc and induction furnaces are available, the 
former with consumable or non-consumable elect- 
rodes, cold mould or skull type. Induction heated 
equipments include the NRC _ patented semi- 
continuous vacuum melting furnaces. 


INDUCTION HEATED FURNACES FOR... 


standard furnaces have capacities of 12 to 3,000 pounds. 


Melting, Alloying, and Purifying; Centrifugal, 
Ingot, Shape, and Investment Casting; Sinter- 
ing, Brazing, Degassing and Heat-Treating. 


ARC FURNACES FOR... 


Melting and alloying high temperature or re- 
active metals such as niobium, tantalum, 
cobalt, zirconium and titanium. 


OTHER VACUUM EQUIPMENTS 


Vacuum Fusion Gas Analyser 
e Hydrogen Analyser 
e Resistance Furnaces 
High Vacuum Diffusion Pumps 


is the trade-mark of the National Research Corporation. registered in the United 
States Potent Office 


Model 2555 Vacuum Induction Furnace with melting capacity of 50 pounds of steel. Other 


Model 2708 Non-Consumable Arc Skull Furnace with a capacity of 50 pounds of titanium. 
Other standard vacuum are furnaces have capacities of 8 to 10,000 pounds of titanium 


SY 
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ELECTRIC 


w 
FOR ALL HEAT-TREATMENT PURPOSES 


FURNACES 


WILD-BARFIELD 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. 
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ELECTRIC FURNACES 
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LABORATORY METHODS 


MECHANICAL - CHEMICAL + PHYSICAL + METALLOGRAPHIC 
INSTRUMENTS AND MATERIALS 


JUNE, 1957. 


Vol. LV, No. 332 


The Spectrographic Analysis of Metals 


By J. O. Lay, F.R.LC. 


An examination of the characteristics of spectrographic equipment of increasing complexity indicates 
the appropriate fields of use of the Steeloscope, the medium and large quartz spectrographs and photo- 


electric attachments. It is suggested that a recently developed spectroscope, embodying the most useful 
features of current instruments, may have extensive applications in industrial analysis. 


and allied fields, a large majority depend for their 

characteristic properties on the presence of precise 
quantities of alloying elements, associated with appro- 
priate fabrication and heat-treatment processes. It is 
therefore essential to have available methods of analysis 
of adequate accuracy, but it is also desirable to choose 
methods which can be carried out quickly and, not 
infrequently, those which can be applied directly to a 
structural unit in or approaching its final form without 
causing serious damage. 

Spectrographic analysis has long been known to fulfil 
these conditions, but variations of technique introduced 
from time to time have emphasised its versatility, and 
published articles have demonstrated the uses and 
limitations of the various modifications. Basically, 
electric discharges are initiated between the material 
being analysed and a second electrode of the same or a 
known composition (e.g., graphite or a pure metal), the 
light produced is dispersed by suitable prisms and the 
resulting spectrum is examined for the presence and 
comparative density of lines originating from the alloying 
elements present in the analysis sample (Fig. 1). 

Some of the instruments in common use for metal 
analvsis are briefly considered below. 


QO’ the wide range of metals employed in engineering 


The Steeloscope 


The operation of this instrument is very simple, the 
are heing struck between two electrodes of identical 
composition and the spectrum produced being visually 
examined with an adjustable eyepiece. The latter, which 
traverses part of the (curved) focal plane of the image so 
that the lines remain in focus, carries scribed marks 
representing various elements which, when brought 
individually to coincidence with a fixed reference 
mark bring a characteristic element line near the 
centre of the visible part of the spectrum image. The 
line ensities representing different element concentra- 
tions are learned by experience based on standard 
sam) es, and identification of appropriate lines is 
achi ed by comparison with reference samples of pure 
iron nd alloys of known composition. 

A instrument known as a wavelength spectrometer 
can e used for similar determinations on non-ferrous 
met. the basic necessity for convenient operation 
bei: the provision of spectrum photographs indicating 
the \act appearance and location of each alloying 


PRISM 


SAMPLE SPECTRUM RECORD 
(source of rays) (visual, photographic or 
photoelectric examination) 


Fig. 1.—Simplified diagram of spectrographic analytical 
procedure. 


element line required. With this information, no 
knowledge of spectrography is needed, and satisfactory 
results depend almost entirely upon the visual skill of 
the technician using the instrument. In consequence of 
the low sensitivity of the human eye to differences in 
intensity of light, however, instruments of this type are 
mainly of value for detecting appreciable differences of 
composition. 


The Medium Spectrograph 


As the spectra of many non-ferrous metals are rela- 
tively simple, adequate separation of the constituent 
lines can be achieved by the medium spectrograph. In 
this and the large dispersion spectrograph, where line 
brightness can be recorded and measured on a photo- 
graphic plate, more satisfactory results are often obtained 
with one electrode of graphite or a pure metal, and quite 
a high level of accuracy can be attained in the deter- 
mination of analytical composition. 

Photographic records can be compared visually for 
the identification of lines extraneous to those of the basic 
constituent, or can be examined with a densitometer to 
ascertain the percentage of alloying element or impurity 
present. Selected lines can also be caused to impinge 
upon photocells and their relative intensity deduced 
from the response of the cells. This is dealt with in more 
detail later, but it should be remarked that an advantage 
of photographic recording is the possibility of more 
extensive examination, if necessary after a considerable 
lapse of time. 


The Large Spectrograph 


Since the spectra of iron and many alloying elements 
used therewith are complex, the large spectrograph is 
usually employed for the analysis of ferrous metals. The 
greater dispersion of the spectrum lines obtained with 
this instrument facilitates easy identification and 
measurement, particularly when photoelectric recording 
of line densities is adopted. 
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SOURCES SPECTRUM RECORDS 


Fig. 2.-Simplified diagram of principle of comparison 
spectra, 


In general, the chemical analysis of steels and related 
alloys presents more difficulty than that of non-ferrous 
alloys, and the possibilities of spectrographic methods 
for determining alloy compositions in this range have 
been quite extensively explored. The large spectrograph 
has also proved valuable for other complicated materials, 
such as ores and slags, although the provision of stan- 
dards has been rather a problem. 

The techniques used are similar to those with the small 
instrument, and it may be noted that with both the 
analysis of solutions can be conveniently carried out 
with appropriate electrode arrangements. Many of the 
salient points are covered in a report published a few 
years ago.' 

Photoelectric Recording 


It has already been observed that line densities can 
be recorded and compared by the use of photoelectric 
equipment. This device has been applied in various 
ways, €.g., 

(i) by fixing two or more photomultiplier tubes to 

receive light characteristic of an internal standard 

element and of one or more alloying constituents ; or 

(ii) by scanning the spectrum of the alloy with a 

phototube moving along the Rowland circle (i.e.,. in 

the focal plane). 

In each case the relative response of standard and 
* unknown " lines enables composition to be ascertained, 
while suitable electronic switching can be employed for 
rapid calculation and recording of the results. The 
former method has been adapted to a special fluorite 
prism spectrograph with which non-metallic elements 
in steel (carbon, sulphur, phosphorus) can be determined. 
It is also particularly useful for high-speed repetition 
analyses, where the throughput justifies the high capital 
expenditure. 

A Simplified Spectroscope 

Many of the advantages of the equipment already 
described are embodied in a new instrument now com- 
mercially available in this country, the operation of 
which was recently investigated on behalf of the British 
Iron and Steel Research Association.? Briefly, high 
dispersion is obtained, in spite of the compact design ; 
direct comparison of sample and standard is possible ; 
and photcelectric measurement can be employed. 
Precision approaches that of conventional spectrographs, 
and the ease and simplicity of analytical examination 
with this instrument make it attractive for many 
industrial purposes (Fig. 2). 

Conclusions 

The spectrographic examination ot metals can provide 
information rangmg from rough checks on composition, 
carried out for sorting purposes, to precise analyses of 
finished materials or structural parts. A comprehensive 
literature is available indicating the utility of widely 
diverse apparatus designed for these varying applications, 
but the brief survey given indicates that satisfactory 


results can in most circumstances be obtained without 
complicated equipment, since one of the most recent 
instruments not only permits direct comparison of known 
and unknown samples, but also enables measurements of 
sufficient accuracy for most analytical purposes to be 
made without difficulty. 
REFERENCES 
es Spectrographic Analysis of Low Alloy Steels,” I.8.I. Special Report No. 47, 
2 il. A New Spectroscope for Visual Analysis, Meftallurgia, Jine, 
1956, §3, 285-288. 


Science for Everyman 


A Brp.iogRaPnHicaL gap will be filled by the National 
Book League in early Spring, 1958, with the publication 
(in book form) of an annotated book list, “* Science for 
Everyman.” Owing to a generous donation from 
Unilever, Ltd., towards the production costs of ** Science 
for Everyman,” the National Book League is able to 
publish this bibliography at a lower price than would 
otherwise have been possible. 

“Science for Everyman” will, among other things, 
provide a basis on which to build a non-specialist 
scientific library, and will consist of some 1,500 books 
(mainly current) for the non-specialist covering every 
aspect of science including, general works, history of 
science, mathematics, physics, chemistry, astronomy 
and meteorology, geology, oceanology, biology and 
biochemistry, genetics and evolution, zoology orni- 
thology, botany and agriculture, and technology. 


Baldwin Instrument Co., Ltd. 


THE Baldwin Instrument Co., Ltd., has joined the Group 
of Companies controlled by C. E. Harper Aircraft Co., 
Ltd., but we understand that this will mean no major 
change in the Company’s activities. The present range 
of products will be continued with increasing emphasis 
on industrial application of nucleonics, electronics and 
fluid power equipment. Over the next four years, 
manufacturing facilities will be considerably expanded, 
as will research and development. Baldwin Instrument 
will continue to operate as a separate Company, but will 
be supported by the larger resources of the Harper 
Group. 


The British Society of Rheology 


Tue British Society of Rheology was founded in 1940 
(as the British Rheologists’ Club) for the advancement 
and dissemination of a knowledge of pure and applied 
rheology—the science of the deformation and flow of 
matter. Its membership is diverse and includes mathe- 
maticians and physicists, chemists and biologists, 
engineers and metallurgists. The Society has recently 
issued a new leaflet giving details concerning its aims and 
activities, copies of which may be obtained from the 
Hon. Secretary, Mr. N. Workey, 52 Tavistock Road, 
Edgware, Middlesex. 


Honeywell-Brown Leeds Office 
HoNnEYWELL-Brown, Lrtp., have recently opened a new 
Branch Office at 5-7, New York Road, Leeds, 2. The 
new office will handle all enquiries concerning industrial 
instrumentation, heating and air conditioning controls, 
and precision switches. 
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Items of Metallurgical Interest at Recent 
Instrument Exhibitions 


The recent Instruments Electronics and Automation Exhibition at Olympia aroused considerable 
interest, as might be expected at a time when automatic devices are finding increasing application 


in industry and commerce. 


In this and subsequent issues, reference will be made to items of 


metallurgical interest exhibited at Olympia, and at the Physicial Society Exhibition which, as usual, 
provided an opportunity for the display of new commercially available and prototype instruments 
and laboratory equipment. 


Thermocouple-Calibrating Furnace 
NOWN as the Type TK.2, the entirely new 
K design of thermocouple-calibrating furnace shown 
by Johnson, Matthey & Co., Ltd., at the Physical 
Society Exhibition fulfils the broad requirements laid 


down in the D.S.I.R. Report, “The Technique of 


Calibrating Platinum Thermocouples for Use in Liquid 
Steel,” dated August, 1942. It permits the calibration 
of platinum rhodium-platinum thermocouples by the 
determination of their e.m.f.’s at the gold, palladium 
and platinum points. 

The furnace, the heating chamber of which is 
l2in. long and }in. in diameter, is wound with 40°, 
rhodium-platinum wire, this element being designed for 
operation at L100 volts. Two layers of insulating material 
are used between the element and the casing, in order 
to keep thermal losses to a minimum and to counter 
the effects of draughts and changes in ambient tem- 
perature. The furnace has a maximum operating 
temperature of 1,775° C. The casing is stove-enamelled 
and has cast light alloy end covers. The furnace stands 
ona substantial cast tripod that is bolted to the bottom 
end cover. Two thermocouples may be calibrated 
together, these being inserted from the top of the 
furnace. If required, a control couple can be inserted 
from the hottom of the furnace. 

Because of the need to maintain a steady heating rate 
during calibration, a stabilised power supply is necessary 
and a special control unit, known as Type C7, that 
incorporates a constant voltage transformer is available. 
This control unit contains an auto-transformer to 
provide the L00-volt supply necessary for the winding. 


Single Pan Balance 


With a view to challenging the increasing com- 
petition from abroad, Stanton Instruments, Ltd., have 
introduced the Ultramatic single pan balance in the 
design of which the aim has been unexampled speed 
and accuracy. 

The l»rge stainless steel pan having double suspension 
does not tilt, and is easily accessible behind the sliding 
glass door. Dual release controls at bench level enable 
both ha: Js to be used simultaneously for weighing. The 
partial '-am release provides the fastest weighing time 
ofany — this class of instrument, and a weighing of an 
unknoy object can be completed in less than 30 
second. A synchro-release mechanism can be fitted as 
an ext this controls the release of the beam inde- 
pender of the skill of the operator. Colour markers 
have b. . fitted to the weight loading dials and to the 
corres ling weight indicators on the front panel ; this 


June, 


Ultramatic single pan balance. 


enables an unskilled operator to acquire the correct 
weighing technique in a very short time. The counter 
indicator for weights is conveniently situated adjacent 
to the graticule screen, and both are at the base of the 
balance in an ideal reading position, so that incorrect 
reading is virtually impossible. 

The balance is made in two models, U.M.3 and U.M.4. 
Both have capacities of 200 g. with sensitivities of 1 mg. 
per division (0-1 mg. by vernier) in the case of the 
U.M.3, and 0-1 mg. per division for the U.M.4. The 
beam is of the “‘ Applied Load ” type—hard brass 5 in.— 
and is fitted with knife guards to prevent accidental 
dislocation of the beam or suspending pieces. The knife 
edges are selected agate and the planes of synthetic 
sapphire (Corundum) optically flat within 3 fringes of 
light. The arrestment has fully jewelled points and 
cups, and the stirrups are of compensated pattern. 

The case is of unit design in light alloy with single 
counterpoised slide, which gives access to the pan front 
from front and sides. 
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X-Ray Diffraction Equipment 

The X-ray diffraction equipment shown by Metro- 
politan-Vickers Electrical Co., Ltd., included a Raymax 
60 X-ray generator and diffractometer with electronic 
counting gear. The range and output of the Raymax 60 
have been extended by the inclusion of a constant 
potential high voltage generator for operation at voltages 
up to 60kV. and currents up to 25mA._ Rectifying 
valve and condenser are oil immersed in the same tank 
as the high voltage transformer, together with an 
independently adjustable negative voltage to focus the 
electron beam in the X-ray tube. The width of the 
focus may be varied between 0-1 mm. and 1mm. and 
the size of the focus is not altered by variation of the 
tube current. 

The voltage applied to the primary of the high voltage 
transformer is maintained constant by a stabiliser 
included in the control. The tube current is likewise 
maintained at a constant pre-determined value by an 
emission stabiliser. 

The diffractometer has two separate worms and worm 
wheels for rotating the specimen and Geiger counter, 
respectively. The angular position of either can be read 
with great accuracy. When required for normal focusing 
work, the two worm shafts are connected through 2: 1 
gearing, so that the specimen rotates at half the speed 
of the counter. The specimen and/or the counter can 
be driven via a 5-speed gearbox by a motor. The radius 
of the circle traversed by the receiver slit is 6 in. Soller 
slits are fitted and a variety of inlet and detector slits 
are available. The counter rotates through 155°. 

The h.t. supply for the Geiger counter, the scaling 
unit and rate-meter are mounted in a separate cabinet. 


Steel Plate Thickness Meter 


On the stand of Associated Automation, Ltd., at 
Olympia, a portable instrument was shown for the 
measurement of thickness, from one side only, of steel 
plates up to 0-25 in. thick, with an accuracy of 5°, of 
scale reading, or 0-003 in., whichever is the greater. The 
accuracy is unaffected by surface unevenness, corrosion, 
paint films, ete. up to 0-015in. The standard meter 
may be used with curved plates and pipes of 3 in. 
diameter or larger, if the material thickness does not 
exceed 0-25 in.—although tests have shown that the 
meter can be adapted for use with pipes of diameters 


less than 3 in. 
The equipment consists of a measuring head, control 


box and battery (Nife—7 celi), the control box eing 
externally mounted on the battery case The meas iri 
head is placed on the sample, a push switch in the h. ndle 
operated and a meter reading taken when the pcinter 
has come to rest. A comparison of the meter reading 
and the calibration curve shows the plate thickness, 
This calibration curve is provided for use on mild stee| 
and, if used on other materials, another curve should be 
plotted using the material concerned. 


Free-Piston Burette 


Although the chemical balance has in the past hundred 
years advanced to a stage where it is capable of working 
rapidly and accurately to one part in a million, that 
other stand-by of the analytical chemist, the burette, 
ean still hardly better one part in a thousand. The 
micrometer operated burette, for which an accuracy of 
one part in ten thousand is claimed, is an advance, but 
is adapted only to the micro sizes. The free-piston 
burette, invented by Mr. I. C. P. Smith of E.R.D.E. and 
shown by the National Research Development Cor. 
poration at the Physical Society Exhibition, has on the 
macro scale many of the advantages of the micrometer 
burette, without having the mechanical attachments, 
and should be capable of working to better than one 
part in five thousand. It is, moreover, independent of 
drainage film, outflow time and viscosity. 

A 50 ml. burette based on the new principle is seen 
at (a2). About the same size and shape as the familiar 
article, and used in a similar manner, it is made from 
precision bore tubing, having fitted to it a hollow glass 
piston which is a sliding fit in the bore. The piston is 
not attached to anything external to the tube, but rides 
freely on the column of liquid, indicating the volume 


(b) 


Thickness meter for steel plate. 


The free-piston burette 
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delivered. The piston is made from tubing, sealed at 
both ends, and accurately machine ground to be a close 
sliding fit in the tube. It is preferably adjusted to the 
density of water, or to that of the solution to be used, 
if this differs markedly from water. If the top of the 
piston is ground perpendicular to the axis, this may be 
employed as the reference mark—possibly emphasised 
by a thin layer of coloured vitreous enamel. Alter- 
natively, a ring mark or vernier scale may be applied 
(see (b) and (c) ). 

The free-piston system lends itself very simply to the 
provision of an automatic zero when filling, as indicated 
in (d) and (e), where stops prevent the rise of the piston 
above the zero mark, thus preventing turther influx of 
liquid, even though the tap is open in the filling position. 

For automatic pipetting, that is, when a fixed quantity 
of one reagent has to be added in a titration, the burette 
may be used as shown in (f). An internal projection in 
the lower part of the burette stops the piston, either at 
the bottom graduation mark, or at an observable point 
within the scale; and the rod inserted through the 
sleeve at the top is adjusted to stop the piston at any 


required upper graduation mark. On turning the tap 
first to fill, then to run out, any required quantity of 
reagent may be repeatedly delivered. 


Test Sieves 


The range of test sieves shown by Endecotts (Filters) 
Ltd. at Olympia included B.S. and U.S. standard sieves 
manufactured completely in stainless steels, together 
with others coated with polythene and nylon and fitted 
with nylon and silk mesh. Of particular interest was a 
demonstration, with the aid of transparent-rimmed test 
sieves, of the rapid separation of particles on an Endrock 
vibrator. A mixture of coloured materials inserted in 
the top of a nest of sieves was graded into six different 
sizes in approximately 30 seconds, each size having a 
different colour. The Endrock vibrator is normally 
powered by a fractional horse power single phase motor 
to work off a 230-240 V., 50 cycle supply, and incor- 
porated in the circuit is a time switch which can be 
preset for tests of any duration between 0 and 60 
minutes. Once the machine has been started it continues 
to run until the predetermined time has elapsed. 


Demountable Artificial Defect for Evaluating Penetrants 
in Flaw Detection 


By R. W. Roberts, B.A., B.Sc., and A. D. Dudbridge, G.I.Mech.E. 


NE of the great difficulties experienced in 
QO evaluating penetrants for crack detection has 
been the scarcity of specimens containing suitable 
identical “natural” defects. If such specimens are 
used it is necessary to cleanse them thoroughly after 
each test, and in the case of fine cracks there is con- 
siderable doubt as to whether this is possible. Conse- 
quently, as there is no reliable method at present for 
producing specimens with suitable “ natural” defects 
in them, it was decided to develop a demountable 
artificial defect which could be thoroughly cleaned after 
each test, and which would re-assemble to produce 
identical conditions. 
The construction of the test piece is illustrated in 
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Fig. | —Exploded 

view ..f demount- 

able irtificial 
i\efect. 


Fig. 1. The faces Ff, and F, are lapped, and four areas 
on the periphery of face F’, are relieved below the general 
level to the extent of 0-0001, 0-0002, 0-0003 and 
0-0004 in., respectively. When the lapped faces are 
clamped together with an intervening layer of soft 
metallic foil, the four recesses constitute artificial 
defects of varying widths. 

In use, a standard procedure is adopted in the cleaning 
and assembly of the test piece prior to carrying out an 
evaluation test. Briefly, the method is to degrease the 
component parts of the test piece, assemble and tighten 
the nut so that the stress in the bolt is always the same ; 
i.e. the nut is tightened to a torque of 200 Ib. ft. The 
edge of the foil is then trimmed with a sharp razor blade 
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0-0002 in. 
recess 


0: 0003 in. 
recess 


0.0004 in. 
recess 


Process 4 
(fluorescent penetrant) 


Process | Process 2 Process 3 
(dye penetrant) (dye penetrant) (fluorescent penetrant) 


ed 
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Fig. 2.--Comparative results using four different processes 


and the pene rant under test is applied in the recom- assessing the efficiency of different processes. Typical 


results on four processes are shown in Fig. 2. 

The work in connection with the development of this 
test piece was carried out at the Ministry of Supply 
A.I.D. Laboratories, Harefield, Middlesex. 


mended manner, inspection being carried out later at 


each of the four artificial defects. 


The test piece has given good reproducibility for any 


particular penetrant, and has been extremely useful in 
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